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ABSTRACT 


Mycoplasmalike organisms (MLOs) cause hundreds of diseases 
worldwide, including many that damage crops in Israel and the 
United States. Nevertheless, the organisms have not been 
cultivated. In this cooperative project, advances were made that 
have led to improved detection of MLOs, to an improved 
understanding of their physiology, and to prospects for their 
eventual cultivation. Monoclonal antibodies were prepared 
against New Jersey aster yellows MLO, maize bushy stunt MLO, and 
the eastern X-disease MLO. Polyclonal antibodies and DNA probes 
were prepared against the walnut witches' broom MLO. Another 
group of plant/insect mollicutes (spiroplasmas) were used as 
models to study organismal physiology. In collaboration with 
D. Pollack, lysates of spiroplasma cells were examined to 
determine metabolic pathways. Of 67 enzyme activities studied, 
most were highly conserved within the genus. Thirty cultivation 
trials for several MLO species, utilizing generations of media 
from past concepts of mollicute physiology, were negative. 
However, by monitoring cultures with monoclonal antibodies and 
DNA probes, some evidence was obtained for brief flushes of 
growth in early culture intervals. The apparent presence of 
antigens common to MLOs and acholeplasmas, while concordant with 
recent placement of MLOs close to acholeplasmas on the basis of 
molecular phylogenetic evidence, were more likely procedural 
artifacts. Cultivation through seven passages of a previously 
uncultivable procaryotic nematode pathogen was obtained with 
media rationales deduced from MLO culture trials. The 
physiological data obtained in this study with other plant/insect 
mollicutes should lead to improved formulations tailored toward 
existing mollicute pathways and transport systems. Compilations 
of existing knowledge of MLO medium components, of mollicute 
physiology, and a detailed summation of reported MLO diseases 
worldwide were prepared. 
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OBJECTIVES 


1. Develop an assay system using monoclonal or polyclonal 
antibody for detection of the aster yellows MLO (AY-MLO) in 
cultures. [Note: Since we also developed gene probes, their 
development is included as a subobjective in this report. ] 


A. Develop monoclonal antibody techniques for 
monitoring AY-MLO growth during cultivation attempts 
and for purification of MLOs to be used for production 
of polyclonal antibodies. 


B. Develop gene probes for monitoring AY-MLO growth 
during cultivation attempts. 


2. Develop media for cultivation of the AY-MLO. 
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INTRODUCTION 


Several members of the Class Mollicutes (wall-less 
prokaryotes: Razin and Freundt, 1984) are important plant 
pathogens, causing hundreds of millions of dollars in damage ona 
worldwide scale. These pathogens can be essentially divided into 
two groups: (i) helical, motile, cultivable spiroplasmas, and 
(ii) somewhat spherical, nonmotile, noncultivable mycoplasmalike 
organisms (MLOs), the "yellows" agents and their allies 
(McCoy et al., 1989). Both multiply in their plant hosts and 
leafhopper vectors. The MLOs alone cause disease in more than 
100 plant species, including many crop plants, and cause major 
crop losses in the United States. Although the yellows diseases 
were recognized as early as 1902, it was 1967 before a team of 


Japanese researchers (Doi et al., 1967) showed that plants 


afflicted with yellows diseases (e.g., mulberry dwarf or aster 
yellows) consistently contained mycoplasmalike organisms in their 
sieve tubes and that remission of disease symptoms in plants 
could be induced by tetracycline antibiotics (Ishiie et al., 
1967). These discoveries prompted interest in MLOs as microbes 
and resulted in many attempts to cultivate them. While sporadic 
claims of cultivation of some of the agents have been made, other 
laboratories have been unable to repeat the results (Saglio and 
Whitcomb, 1979; Bové, 1984). Thus far, no claim has been made of 


fulfilling Koch's postulates, and none of the presumptive 


isolates has been deposited in any type culture collection. 


MOT TOOGORTUT 
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Although it is possible that some of these organisms were MLOs 
which subsequently failed to multiply continuously in vitro 
because of inadequate culture media, others have been assumed to 
be common plant surface contaminants, such as Acholeplasma 
laidlawii. 

Since culture attempts have been unsuccessful and only 
cumbersome bioassays were previously available for determining 
MLO presence or for monitoring their growth, microbiological 
research on these pathogens had essentially ceased in recent 
years. Two recent advances in mollicute research have now 
brought the study of yellows disease agents into a new era. 
These are: (i) development of monoclonal antibodies specific for 
MLOs (Lin and Chen, 1985), and (ii) development of gene probes to 
detect mollicute infection in plants or insects (Kirkpatrick 
et al., 1987). Successful cultivation of intracellular, 
fastidious mollicutes such as the sex-ratio organism (SRO) of 
Drosophila in insect cell culture (Hackett et al., 1986) and 
development of sensitive means for monitoring progress in 
cultivation of MLOs together created an opportunity for renewed 
attempts at cultivation of these plant disease agents. With the 
exception of a few fastidious spiroplasmas, success in 
cultivation of spiroplasmas has, indeed, been quite different 
than with the MLOs. All known plant-associated spiroplasmas are 
cultivable, and Koch's postulates have been fulfilled. One, 


Spiroplasma citri (Saglio et al., 1973), the causative agent of 





citrus stubborn disease, is a serious threat to citrus production 
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in the United States. It has been cultivated, characterized, and 
has now being used in a large number of basic microbiological 
studies (Bové et al., 1989). Similarly, the destructive corn 
stunt spiroplasma (S. kunkelii) was cultivated (Chen and Liao, 
1975; Williamson and Whitcomb, 1975). A third plant spiroplasma, 
S. phoeniceum, has been similarly cultivated and characterized 
(Saillard et al., 1987). Although studies of spiroplasma 
nutrition and physiology have progressed steadily during the past 


10 years, much remains to be done. 
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OBJECTIVE 1A. Develop monoclonal antibody techniques for 
monitoring AY-MLO growth during cultivation attempts, and for 
purification of MLOs to be used for production of polyclonal 


antibodies. 


I. Development monoclonal antibodies against MLOs. 


EXPERIMENTAL PROCEDURES 


Diseased plants and insect vectors. For the aster yellows agent 
(AY-MLO), lettuce plants infected with the New Jersey strain of 
asters yellows (NJ-AY) were used. The AY-MLOs were transferred 
from infected to healthy plants by the leafhopper Macrosteles 
fascifrons. 


The maize bushy stunt agent (MBS-MLO) was kept in corn (Zea mays 
cv. Golden Bantam Cross). The leafhopper vector Dalbulus maidis 
was used for transferring the MLO from plant to plant. 


Celery plants infected with the Harrow isolate of EX-MLO (Eastern 
X-disease) were used. The leafhopper vector Paraphlepsius 
irroratus was used to transmit the disease. 


Antigen preparation. Partially purified MLOs were obtained 
either from MLO-carrying leafhopper vectors (e.g., AY-MLO) or 
from diseased plants. MLOs from leafhoppers were prepared 
according to the method of Lin and Chen (1985). Approximately 
2000 inoculative leafhoppers (M. fascifrons) were allowed to feed 
on AY-infected lettuce for 3 days and subsequently were 
maintained on rye plants for 2 weeks. Dissected salivary glands 
were homogenized in 0.02M phosphate buffered saline (PBS), and 
Clarified by centrifugation (2000g). The supernatant was used 
as antigen. 


Antigens were prepared from diseased plants following the methods 
of Jiang and Chen (1987). Briefly, diseased corn plants showing 
MBS symptoms were harvested, rinsed thoroughly in tap water, and 
cut into approximately 2.5 cm pieces, which were then macerated 
in PBS (Jiang and Chen 1987), using the slow and gentle cycle of 
a tissue homogenizer (Omni-mixer, Sorvall) until most parenchyma 
tissue was broken. The macerated tissues were strained through a 
mesh screen and retained vascular tissues were placed in the 
isolation medium and subjected to further maceration by mortar 
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and pestle. Extracted materials were centrifuged at 2600 X g for 
6 min and the supernatant was centrifuged again at 27,000 X g for 
30 min. The pellets were resuspended in a suspending medium. 
Then 0.6 ml was layered over each of several tubes containing 
step gradients, prepared from 15, 30, and 60% iso-osmotic Percoll 
(Pharmacia Inc., Uppsala, Sweden). Discontinuous density- 
gradient centrifu-gation was carried out at 14,000 X g for 

29 min. Antigen was collected near the interphase between 30 and 
60% Percoll layers. 


Immunization. Six-week-old female BALB/c mice were immunized 
with partially purified MBS MLOs. The protein content of the 
antigen preparation was determined to be 260 ug/ml (Bio-Rad 
protein assay; Bio-Rad Lab., Richmond, CA). Antigen (0.15 ml) 
was mixed with an equal volume of Freundt's complete adjuvant and 
was then administered by intraperitoneal injection into each 
mouse once a week for 4 weeks. On days 35 and 36 the same amount 
of antigen was used for intravenous injections, except adjuvant 
was not added. The mice were sacrificed on day 38. 


Monoclonal antibody selection. The procedure for splenic cells 
and fusion with myeloma cells (p3/NS1/1-Ag4-1) was the same as 
that described by Lin and Chen (1985). Hybridomas grown in HAT 
selective medium + 15% fetal bovine serum supplemented with 

10% M hypoxanthine, 4 X 107” M aminopterin, and 1.6 X 10° M 
thymidine) were screened for MBS MLO specific antibody production 
by using indirect ELISA with biotinylated antimouse 
immunoglobulin (Lin and Chen, 1985). ELISA plates were coated 
with preparations from both diseased and healthy corn plants (in 
0.05 M carbonate buffer, pH 9.5) as described in Antigen 
Preparation, except that these preparations were not subjected to 
density-gradient centrifugation. Hybridomas that produced 
antibodies reacting with diseased and not with healthy plant 
preparations were selected for further cloning by limiting 
dilution. Selected monoclonal antibody producing hybridoma cells 
were subcultured for antibody production and the cell lines were 
stored in liquid nitrogen. 


RESULTS 


1. Aster yellows. Seven monoclonal antibodies against NJAY MLO 
were obtained. These antibodies proved to be very specific and 
to possess high affinity. They do not react with the agents of 
eight other MLO-induced diseases including the Western strain of 


aster yellows. 
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2. Maize bushy stunt MLO. Twenty-six hybridoma clones, producing 
antibodies specific to MBS-MLO but not healthy corn plants, were 


selected. A total of 48 monoclones were obtained. 


3. Eastern X-disease MLO. Eighteen hybridomas secreted 
antibodies that reacted only with diseased celery plants but not 
with healthy celery preparations and were therefore specific to 
EX-MLO. The monoclonal antibodies produced by these hybridomas 
did not cross-react with preparations from plants infected with 
other MLO diseases. However, the monoclonal antibodies to EX-MLO 
reacted with preparations from celery infected with 3 strains of 


Western X-disease. 


Ti... Purification of MLOs. 


1. Purification of MLOs from AY-infected lettuce. A technique 
was developed to partially purify MLOs associated with AY 
disease. Young lettuce plants were inoculated with the AY agent 
by leafhopper transmission and kept in a greenhouse. Leaf veins 
from symptomatic lettuce were isolated and homogenized in an 
isolation medium consisting of D-mannitol, 3-(N-morpholino) - 
propane sulfonic acid (MOPS), polyvinylpyrrolidone, L-cysteine, 
and ethylenediamine tetraacetic acid, before low (8 min at 

1,500 X g) and high (30 min at 35,000 X g) speed centrifugation. 
The pellet was resuspended in medium containing mannitol and MOPS 


and layered on a discontinuous Percoll density gradient of 15, 
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30, and 50% (v/v). After centrifugation at 20,000 X g for 

20 min, the fraction formed at the interface of the 30 and 50% 
solutions was collected and diluted with suspending mediun. 
Gradient material was removed by centrifuging the diluted 
fraction at 100,000 X g for 2 hr. Electron microscopy of thin 
sections made from purified preparations showed an extremely high 
concentration of MLOs with well-preserved cellular structures 
identical to those in the phloem of diseased plants. These MLO 
cells exhibited a trilaminar limiting membrane, cytoplasmic 


ribosomal granules, and a network of DNA. 


2. Purification using affinity chromatography. Purification of 


AY-MLO from diseased lettuce using monoclonal antibodies in an 
affinity chromatography procedure was developed. The affinity 
column consisted of Staphylococcus protein A covalently linked to 
a 6MB Sepharose matrix and coupled with monoclonal antibody 
specific against AY-MLO. AY-MLO was concentrated from clarified 
crude sap of diseased lettuce by differential centrifugation. 
After low-speed centrifugation, supernatants containing AY-MLO 
were loaded on the affinity column. Extraneous unbound plant 
materials from the crude sap were washed from the column after an 
incubation period. The aster yellows agent retained in the 
column was released by mechanical shaking and then eluted. The 
entire procedure took 3 hr. Intact and undamaged cells were 
observed by electron microscopy, and the high purity of this 


preparation was revealed by electrophoretic protein profiles and 
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the production of polyclonal AY-antiserum. In addition, the 
specificity of the monoclonal antibodies was confirmed by Western 


blots. 


III. Production of polyclonal antibodies (PAbs) using AY-MLO 
purified from affinity chromatography. 


EXPERIMENTAL PROCEDURES 


Preparation of purified AY-agent. AY-MLOs were concentrated from 
clarified sap of diseased lettuce by differential centrifugation. 
Monoclonal antibody (MAb) against AY-MLO was coupled to protein 
A-Sepharose 6MB in an acrylic plastic column and incubated 20 min 
at room temperature. After washing, the MAb-conjugated protein 
A-Sepharose column was loaded with AY-concentrated crude extract 
and incubated. Unbound materials were washed from the column and 
bound AY-MLO was separated from MAb by mechanical shaking and 
then eluted from the column. The AY-MLO was pelleted, 
resuspended in PBS and used as antigen. 


Preparation of polyclonal antiserum. BALB/c mice were immunized 
with the AY-MLO purified from the affinity column. Each mouse 


was subjected to 3 intraperitoneal injections 10 days apart. 
Each injection contained 100 mg AY-MLO protein mixed with an 
equal volume of Freund's complete adjuvant. Mice were bled 5 
days after a final injection containing 10 mg of AY-MLO protein 
in saline. 


RESULTS 


Immunoadsorption and electron microscopy. Electron micrographs 


of thin sections from pellets obtained after affinity 
chromatography from a diseased plant showed a very high 
concentration of AY-MLOs, indicating that the monoclonal 
antibody-coupled affinity column was an efficient instrument for 
trapping intact cells of the organism. MLOs of various sizes and 


shapes were recovered. Most of the recovered cells maintained 
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their cellular integrity, showing little or no damage. These 
cells exhibited a typical plasma membrane, ribosomal granules, 
and a fibrous network of DNA. No MLOs were found in eluates 


prepared from healthy control plants. 


ELISA with polyclonal AY-antiserum. Previously it was found that 
polyclonal antisera from mice immunized with partially purified 
AY-MLO failed to distinguish between diseased and healthy lettuce 
plants because the sera cross-reacted with healthy plant 
proteins. In this study, the specificity of polyclonal AY- 
antiserum was increased with the use of highly purified AY-MLO 
antigen. In ELISA, antiserum discriminated between diseased and 


healthy lettuce plants. A 


490m Walues of diseased plants were 


about 7 times that of healthy plants. Similar results, but with 


much higher A values, were obtained with monoclonal antibody. 


490mm 
at comparable dilutions. The titer of polyclonal antiserum 


decreased with increasing dilutions. 


IV. ELISA with polyclonal antisera against walnut witches' broom 


MLO. 


EXPERIMENTAL PROCEDURES 


MLO source. Leaves with severe symptoms of WWB were harvested 
from trees on the campus of Georgia Experiment Station at 
Griffin, Georgia. 


MLO purification. The procedure of Hobbs et al. (1987) for MLO 
purification was used with minor modifications (Konai and 
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Chang, 1990). 


Production of polyclonal antiserum. One ml of the partially 
purified preparation from walnut witches' broom infected or 
healthy leaves was mixed with 1 ml of Freund's incomplete 
adjuvant and injected intramuscularly into the hind leg of a 

New Zealand white rabbit. Five weekly injections were followed 
by five intravenous booster injections begining 2 weeks after the 
final intramuscular injection. Bleedings were done 2 weeks after 
the last intramuscular injection and at weekly intervals before 
boosters. 


Cross-adsorption of antiserum. WWB-MLO antiserum was cross- 
adsorbed at a 1:1 ratio with healthy walnut immunogen (Hobbs et 
mii, 1987) . 

Preparation of gamma globulin and enzyme-conjugate. The 
procedure of Clark and Adams (1983) was modified for gamma- 
Peoouline purification (Konai and Chang, 1990). To prepare 
enzyme-conjugate, 1.0 ml of gamma globulin preparation was mixed 
with 2 mg alkaline phosphatase (P-5521, Sigma) and dialyzed in 
Peserie7.4 for 24 hr (with at least 4 changes) at room 
temperature. Glutaraldehyde (0.06% final concentration) was then 
added to the buffer and dialysis continued for an additional 

4 hr. Excess glutaraldehyde was removed by dialysis for at least 
Paenee BoA at a final concentration of 5 mg/ml was added to the 
dialyzed enzyme-conjugated gamma-globulin and stored at 4° C. 
ELISA procedure. The ELISA procedure of Clark and Adams (1983) 
was used with certain modifications (Konai and Chang, 1990). 
RESULTS 


Dilutions of the coating and enzyme-conjugated gamma-globulin at 
1:800 and 1:200, respectively, were able to detect the WWB-MLO in 
preparations of diseased walnut tissue (Table 1). WWB-MLO was 
detectable in infected fresh leaves, petioles and roots of walnut 
trees as well as frozen leaves and petioles. The MLO was also 
detected in leaves of grafted seedlings that displayed WWB 
symptoms in the greenhouse. ELISA readings from the leaves of 
graft-infected seedlings and field-infected walnut trees were 
Similar. Readings of healthy leaves from the field or greenhouse 
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were much lower than readings of diseased leaves. Readings from 
healthy leaves were slightly higher than those of buffer 


controls, but were close to those from healthy petioles. 


Table 1 


Samples collected from infected and healthy walnut trees during 
the fall were frozen, and later tested for the presence of WWB- 
MLO. In these tests, leaves and petioles were tested separately. 
In each case, ELISA values were significantly higher than those 
of healthy controls (Table 2). Average ELISA values from frozen 
samples, from fresh leaves of infected walnut leaves, and from 
grafted walnut seedlings were within the same range (0.54 to 
0.60), although individual readings from each leaf source varied 
(0.40 to 0.75). In further experiments, there was no significant 
difference (0.544 versus 0.49) in average ELISA values from 
symptomatic and asymptomatic leaves of the same WWB-infected 


tree. In this case as well, individual asymptomatic leaves gave 
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different readings (0.38 to 0.59). Healthy leaves gave average 


values close to the buffer control. 


Table 2 


To study the reactions of WWB-MLO with other mollicutes or 
presumed mollicutes, peach Western X-infected celery and aster 
yellows-infected periwinkle were tested. Peach Western X- 
infected celery gave a strong positive reaction to WWB-MLO. The 
highest reading was obtained with infected roots, followed by 
infected leaves. However, there was no difference in readings 
between infected and healthy celery petioles (Table 3). None of 
the other organisms tested, including aster yellows, pecan bunch 


MLO, and Spiroplasma citri showed positive reactions to WWB-MLO. 





Table 3 
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OBJECTIVE 1B. Develop gene probes for monitoring AY-MLO growth 
during cultivation attempts. 


EXPERIMENTAL PROCEDURES 


Isolation of walnut witches' broom MLO DNA. Leaves showing 
severe witches' broom symptoms and healthy leaves were harvested 
in Georgia in late fall of 1989 and stored in a freezer until 
used. Frozen leaves or petioles were freeze-dried and ground 
into powder before they were used for DNA extraction. About 

0.5 to 1 g of tissue powder was added to 20 ml preheated CTAB 
buffer immediately after the addition of 0.5 ml mercaptoethanol. 
The extraction mixture was incubated at 65° C for 1 hr with 
occasional inversion, before an equal volume of chloroform- 
isoamylalcohol (24:1) was added. The components were mixed by 
inversion for 15 min before centrifugation at 6,500 rpm for 

5 min. The pellet was washed in 500 ul 70% alcohol and 
transferred to a 1.5 ml Eppendorf tube. DNA was pelleted by 
centrifugation at 14,000 rpm for 5 min. The pellet was dissolved 
in 400 ul TE buffer. DNA was centrifuged in a CsCl gradient 
(Refractive Index = 1.3925) with 0.01 vol of 1 mg/ml bisbenzimide 
at 42,000 rpm (Beckman SW55 Ti) for 48 hr. MLO DNA was obtained 
by piercing the tube wall. The DNA was extracted twice with 
isopropanol, incubated at -20°C overnight and centrifuged at 
14,000 rpm for 15 min. The DNA pellet was dissolved in 20 ul TE. 


Cloning of WWB MLO fragments. WWB MLO DNA and pUC18 DNA were 
digested with HindIII and EcoR1 overnight before they were 
ligated with T4 ligase. The ligated DNAs were transformed into 


E. coli JM 83. WWB MLO DNA clones were screened with 
[**P]-labeled cloned plasmids. 


RESULTS 


Comparison of WWB MLO with other MLOs. The WWB MLO was compared 
with other plant disease inducing agents. Using dot 
hybridization and Southern blotting techniques, at least one of 
the WWB MLO DNA clones (pWWB14 - 1.9 kb) hybridized strongly to 
DNA extracted from tissues of WWB infected trees, but only weakly 
to tissues from pecan bunch MLO infected trees, and not at all to 


blots of healthy walnuts and pecans or to periwinkle infected 
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with Western X, BLTVA, eastern and severe western aster yellows 


MLOs, and Spiroplasma citri. The presence of two to three 





visible bands, ranging from 0.9 to 5 kbp, in agarose gels after 
electrophoresis of WWB MLO DNA, indicated that WWB MLO may 


contain plasmid-like DNA. 
OBJECTIVE 2. Develop media for cultivation of AY-MLO. 
EXPERIMENTAL PROCEDURES 


MLO sources. The following sources of inoculum were used in MLO 
cultivation trials (Beltsville, University of Georgia, Michigan 
State University, Canada, and UC-Davis), gene probe development 
(UC-Davis and University of Georgia), and antibody production 
(Rutgers): New Jersey aster yellows (NJAY) MLO-infected 
Macrosteles fascifrons 5th instar-adults; Eastern aster yellows 
(EAY) MLO-infected M. fascifrons:- adults (Canada); beet leafhopper 
transmitted virescence agent (BLTVA)-infected beet leafhoppers 
(UC-Davis); potato yellow leaf roll-infected leafhoppers (from A. 
Purcell, UC-Berkeley) ; NJAY-MLO-infected aster plants (Beltsville 
and University of Georgia), severe aster yellows-, BLTVA-, or 
potato yellow leaf roll-infected celery plants (UC-Davis); NJAY- 
MLO-infected lettuce plants (Rutgers and Beltsville); frozen 
NJAY-MLO-infected leafhoppers or aster laminae or petioles 
(Beltsville), pecan bunch and walnut witches' broom infected 
leaves (University of Georgia), and Oenothera-infected leaf tip 
tissue cultures (Michigan State University). [The Beltsville 
strain of the soybean cyst nematode actinomycete (Pasteuria) sp. 
was used. ] 


Extraction temperature and atmosphere. Extraction was usually 
done at ambient temperature, although mortar and pestles were 


usually kept on ice. For three experiments (25-26, 30), 
extractions were done in a cold room with mortar and pestles kept 
on ice. Since oxygen may be harmful to MLOs, some extractions 
were performed in totally anaerobic environments. At the 
laboratory of J. Macy at UC-Davis, an anaerobic hood (Hood 1) 
with an atmosphere of 90% N,, 10% H, (28°C) was used. At the 
laboratory in Beltsville, an anaerobic hood (Anaerobe Systems) 
(Hood 2) with an atmosphere of 90% N,, 5% CO,, and 5% H, (26°C) 

was used. 


Serer ity: sAntibiotics! and filtration:  ~To:»reduce the level of 
contaminants, antibiotics were generally added to the media (see 


media tables). In some cases, filtration through 0.45 or 0.6 um 
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Millex filters was employed (see Procedures below). 


Extraction procedures. Extractions for production of gene probes 
(Kirkpatrick et al., 1987) and monoclonal antibodies (Lin and 
Chen, 1985) have been described. 


Extraction procedures for MLO cultivation trials (see Table 4) 
were the following: 


Extraction procedure 1. Leafhoppers were placed in a state of 
torpor by cooling them for a few minutes in a freezer. 50 mg of 
infected M. fascifrons adults or diseased (0.1% sodium 
hypochlorite surface sterilized) plants were ground with a mortar 
and pestle in 1-4 ml extraction medium. Plant tissue was often 
diced before grinding and filtered through cheesecloth 
afterwards. All extracts were clarified by centrifugation ina 
clinical centrifuge for 5-10 minutes, and filtered through 0.45 
(apc. 1-7, 10;,) 27, “30)> or’ 0.65) (Expt -19=22)) um Millex filters. 
In Expt. 25-26, no filters were used. In Expt. 21, the ability 
of bacterial contaminants to pass through 0.22, 0.3, 0.45, 0.65, 
and 0.8 um Millex filters was compared. 


Extraction procedure 2. This procedure was the same as 
Extraction Procedure 1, but a buffer was used rather than a 
medium. The extract was passed through 0.65 um Millex filters. 


Extraction procedure 3. In this procedure (at Rutgers), NJAY- 
MLO-infected lettuce was cut, homogenized and strained through 
sieves to eliminate parenchyma tissue. Vascular tissue was then 
ground in the isolation medium, centrifuged twice in a clinical 
centrifuge, and purified using gradient centrifugation in 15, 30, 
and 50% Percoll. Purified MLOs were extracted from the 
interfaces. 


Extraction procedure 4. At UC-Davis, approximately 30-50 
infected leafhoppers were briefly frozen and (Expt. 13) ground in 
3 ml of extraction medium with a glass tissue grinder or (Expt. 
16) diced in 2 ml of medium in a glass plate. The resulting brei 
was added to 20 ml of extraction medium, centrifuged at low speed 
(3500 rpm) for 5 minutes, and stored on ice. After a high speed 
(11,000 rpm) centrifugation for 20 minutes, the pellets were 
resuspended in media and filtered through 0.45 um filters. 


Extraction procedure 5. At UC-Davis, approximately 1 g of 
diseased celery tissue near the center of the plant (generally 
crown tissue) was cut into small pieces, placed in 500 ml 70% 
ethanol for 1.5 minutes to eliminate surface contaminants, and 
washed in distilled water. The celery tissue was then ground 
with a cold mortar and pestle in 10 ml of extraction medium, and 
the extract was added to 20 ml of BEM1, centrifuged at low speed 
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(3500-4000 rpm) for 5 minutes, and stored on ice. After a high 
speed (11,000 rpm) centrifugation for 20 minutes, the pellets 
were resuspended in media and filtered through 0.45 um filters. 


Extraction procedure 6. At Ottawa, Canada, 50 EAY-MLO-infected 
M. fascifrons adults were ground, by L. N. Chiykowski, in 
extraction medium (1/10 dilution, w/v), centrifuged (3000 rpm) 
for 10 minutes, filtered (0.45 um), diluted to 1/50 in culture 
medium, divided into 0.2 ml portions, and stored in the 
refrigerator. Alternatively, 0.01 M PBS was used for extraction 
and dilution. 


Extraction procedure 7. Finely drawn glass needles were used to 
collect hemolymph from approximately 50 MLO-infected leafhoppers. 
Immediately upon collection, the hemolymph was added to a small 
glass tube containing 50 ul of culture medium, and kept on ice. 


Extraction procedure 8. These extractions were performed by 
B. Sears (Michigan State University) by a method (to be published 
later) that relied on plant leaf tip cultures for inoculum. 


Extraction media. 


JExtraction media are described in 

Tables 20-24. Three strategies were used: (i) media used for 
cultivation were used for extraction; (ii) buffers (e.g., PBS and 
BEM1-2) were used; and (iii) hybrid buffers/media with large 
amounts of reducing agents were used (e.g., MEMEK1, M1D-SO,, 
Percoll). 


Conditions of Cultivation. 


Temperature/atmosphere. In general, the same temperature and 
atmospheric conditions that were employed for extraction were 
used for cultivation. In addition, cultivation was attempted in 
a GasPak system (95% CO,, 5% H,) in Expt. 13. To test the 
viability of MLOs under cooler conditions, refrigeration (4°C) 
was used in Expt. 17-19; 15°Cf was used in Expt. 15. In 

Expt. 19, mineral oil was added to the tops of the wells to limit 
oxygen. 


Type of culture vessel. Culture was attempted in 24-well tissue 
culture (microtiter) plates, 3 ml plastic tubes, or on solid 
media. In Expt. 4, the yeast co-culture was placed in a well 
insert that had a pore diameter of 0.4 um. 


Media co-culture cells. Cultivation media were of two types, 
liquid or solid (0.8% agar), as described in Tables 20-24. In 
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Experiments 1-4, 8, 15, 20, and 27, co-culture was attempted, 
using a yeast obtained from D. L. Williamson (Stony Brook) that 
had been successfully used to isolate the sex ratio spiroplasma 
of Drosophila, bacteria isolated in our investigations, or insect 
cells obtained from D. L. Lynn (DU-E, Tex2) or H.-T. Hsu (AC-20). 


Means of determining growth. Four methods were used to determine 
the amount of MLO growth in culture systems: (i) microscopic 
enumeration under a dark-field microscope at 1250x; 
quantification through (ii) antibody/ELISA systems or (iii) gene 
probe dot blots; and (iv) bioassay. Microscopic enumeration was 
used primarily for estimating counts of spiroplasmas and yeasts 
used in the culture trials. In this case, color changing units 
(CCUs) were also used. Structures were observed in MLO 
cultivation trials that may or may not have been MLOs; the 
morphologies and numbers of these cells were also recorded. 
Procedures for use of gene probes (Kirkpatrick et al., 1987) and 
antibody/ELISA (Lin and Chen, 1985) have been described. For 
gene probes, DNA was extracted by the alkaline lysis method 
(Maniatis et al., 1982) and the BRL HybriDot system was used for 
blots. rRNA probes were used at UC-Davis (Kirkpatrick et al., 
1987). Probe pmp9 (a clone of the entire 4.2 kbp plasmid from 
the Oenothera-MLO was used by B. Sears at Michigan State 
University. For ELISA, samples (in EDTA and mercaptoethanol) 
were added to microtiter wells with a carbonate-bicarbonate, pH 
9.6 coating buffer, and placed in a moist chamber at 37°C for 

3 hours. 5% skim milk was used as a blocking solution. Washes 
were made with PBS-Tween 20. After addition of monoclonal or 
polyclonal antibody, biotinylated goat antimouse IgG and IgM 
conjugate (KPL) were added. Strepto-Avidin peroxidase conjugate 
(KPL) was added and reaction with horseradish peroxidase 
substrate was monitored by an ELISA reader. For bioassay, finely 
drawn glass needles were used to inject (approximately) 0.1 ul of 
MLO extract or culture between the sternites of 50-100 

M. fascifrons 5th instar or adult leafhoppers. Insects were kept 
moist and cool until injection, which was performed under CO,. 
They were then placed on rye plants. After an incubation period 
of 10 days, and until at least 28 days, leafhoppers were placed 
on aster plants for MLO transmission; exposed plants were 
observed for symptoms of yellows disease. 


Spiroplasma Cultivation Experiments. 


Fastidious spiroplasmas. In an attempt to determine the impact of 
co-culture on nonfastidious (S. apis) and fastidious 

(S. kunkelii) spiroplasmas, as an index of what we could expect 
from MLOs in similar systems, we monitored spiroplasma growth in 
DCCM or AC-20M medium in co-culture with DU-E or AC-20 leafhopper 
cell lines, respectively, with or without yeast cells. 
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Experiment 11 - Spiroplasma apis. S. apis (strain B31) cultures 
in DCCM medium were added to microtiter wells containing DCCM 
medium and the DU-E beetle cell line, the AC-20 leafhopper cell 
line, or Williamson's yeast cells. Each well contained 
approximately 7.5 x 10° insect cells, which were added fresh at 
the start of the experiment. Growth of spiroplasmas was 
monitored daily for 8 days by microscopic enumeration and color 
-changing units (CCUs). 


Experiment 12 - Spiroplasma kunkelii. The procedure was the same 
as for Experiment 11, but S. kunkelii (strain E275) cells were 


used. 


—& DU182E cells 
—&- AC-20 cells : 
ae ee ee 
ld 
ae 
m0" 
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10° 4 


Fig. 1. Titers of S. apis in three cell-assisted media for MLO 
cultivation 


Comparison of Co-culture Systems. Our preliminary studies with 
Spiroplasma apis and S. kunkelii suggest (on the basis of 
analysis of microscopic enumeration data) that the nature of 
cells used in co-culture systems (DU-E or AC-20 insect cells, or 
yeast cells) affects mollicutes differentially. For S. apis 
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(Fig. 2), yeast > AC-20 > DU-E cells; for S. kunkelii, AC-20 > 
yeast > DU-E cells (where > = better growth). Since S. apis is a 
relatively fast growing species, it is not surprising that it is 
able to take advantage of fast-growing co-culture yeast cells. 
AC-20 co-cultures may be more suitable for slower growing 
mollicute cells, such as S. kunkelii. Since S. kunkelii, like 
the MLO, is a phloem/leafhopper-associated organism, and grew 
preferentially in the leafhopper-derived AC-20 co-culture systen, 


this system may be superior to yeast systems for co-culture of 


—8- DU182E cells 
—- AC-20 cells 
“4- yeast 


Titer 





Fig. 2. Titers of S. kunkelii in three cell-assisted media for 
MLO cultivation 
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MLOs. However, it should be noted that a slow growing 
spiroplasma, the group II sex ratio organism of Drosophila, was 
more consistently isolated in yeast co-cultures than in insect 


cell (lepidopteran) co-cultures. 


These results, when considered together, suggest that important 
principles may be revealed from continued atttempts to cultivate 
other fastidious spiroplasmas or other mollicutes in cell lines 


from different sources 


MLO Cultivation Experiments. 
EXPERIMENTAL PROCEDURES 


Experiment 1 - Co-culture with DU-E insect cells and_Colorado 
potato beetle spiroplasmas. DU-E cells were set up as in Expt. 
11 (above). Cells were allowed to grow in the microtiter wells 
for one day prior to inoculation of MLO-containing extracts. 
Colorado potato beetle spiroplasmas (strain LD-1) were inoculated 
to a final concentration of 2 x 10° cells per ml. 0.2 ml of 
inoculum was added to 1.8 ml of medium in each well. Treatments 
were: 


© DU-E Cells/LD-1 Cells/DCCM Medium/NJAY-MLO Extract from M.f. 
O DU-E Cells DCCM Medium/NJAY-MLO Extract from M.f. 
© DU-E Cells DCCM Medium/Healthy Extract from M.f. 


Experiments 2-3 - Co-culture with DU-E beetle cells. The 


procedure was as described in Experiment 1; no LD-1 cells were 
used. Treatments were as follows: 
© DU-E Cells/DCCM Medium/NJAY-MLO Extract from M.f. 
© DU-E Cells/DCCM Medium/Healthy Extract from M.f. 


Experiment 4 - Co-culture with AC-20 leafhopper cells. The 
procedure was as described in Experiment 1, except AC-20 


leafhopper cells were used, and log phase yeast cells were placed 
in 0.4 um pore "Minicell" inserts in the wells. Treatments were 
as follows: 

© AC-20 Cells/AC-20M Medium/yeast/NJAY-MLO Extract from M.f. 

© AC-20 Cells/AC-20M Medium/yeast/Healthy Extract from M.f. 
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Experiments 5-7 - Culture in M1D. These experiments were 
designed to determine the rate of transmission of injected 


leafhoppers, using extracts in M1D medium, with the reducing 
agent Na,SO, added to the media used for extraction fo MLOs from 
plants. Treatments were as follows: 
O Expt 5: M1D/NJAY-MLO Injected Leafhoppers as Inoculum 
e Expt 6: M1D-SO,/Fresh NJAY-Diseased Petioles as Inoculum 
M1D-S0,/Fresh NJAY-Diseased Laminae as Inoculum 
e Expt 7: M1D-SO,/Shell-frozen NJAY-Diseased Petiole Inoculum 


Experiment 8 - Co-culture with AC-20 leafhopper cells with MLO 
cells trapped on 0.45 um filters. In this experiment, MLOs were 
extracted in a buffer and filtered through overlying 0.65/0.45um 
membranes. Presumably, most MLO cells would pass through the 
0.65 um membrane and be retained by the 0.45 membrane. The 
0.45 um membrane was removed and placed in culture with AC-20 
cells. The experimental set-up was similar to Experiment 1. 
© AC-20 Cells/AC-20M Medium/0.45 um/NJAY-MLO Extract from 
© AC-20 Cells/AC-20M Medium/0.45 um/Healthy Extract from 


Experiment 9 - Percoll gradient purification and culture in 
C-3G/M1D media. For the purpose of obtaining high quality 
inoculum, lettuce was used to supply NJAY-MLOs extracted and 
purified on Percoll gradients. Because we suspected that 
Percoll, extraction medium, or contaminants might cause high 
mortality of injected leafhoppers, filtration through 0.45 um 
membranes was used in some trials. There were three parts to 
this experiment. In Parts A and C, enzymes were used to digest 
plant tissue, leaving only vascular material as the MLO source. 
© A: 10-50% Percoll gradient/Extract from lettuce/C-3G Medium 
e B: Extract from lettuce/C-3G Medium 
+/- Filtration 
+ 0, 40, and 100% Percoll 
e C: Extract from lettuce/Percoll gradient (3 bands injected) 


Experiment 10 - Survival and transmission efficiency of d/9?'s. 
This experiment was conducted to determine the relative 
susceptibility and disease transmission potential of male and 
female leafhoppers. Since the extracts and resulting AC-20M 
cultures were tested for MLO survival, this was also a 
cultivation experiment. 
0 Injected o's: NJAY-MLO in AC-20M Medium 
AC-20M Medium Control 
Noninjected Control 
© Injected 9's: NJAY-MLO in AC-20M Medium 
AC-20M Medium Control 
Noninjected Control 


Experiment 13 - BLTVA- & SAY-MLO culture in Chang medium 
under air or GasPak conditions. Experiments 13-16 were conducted 


by K. Hackett and B. Kirkpatrick at UC-Davis, in collaboration 
mectiece-J0, Chang, J. Macy, C. Kuske, M. Feldlaufer, D. Golino, 
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D. Williamson, and A. Purcell. In these experiments, cultures 
were monitored by gene probes and polyclonal antibodies developed 
aur cne laboratory of B: C. Kirkpatrick. During these 
experiments, anaerobic conditions were used for the first time. 
Most cultures were incubated at 28°C. 

In Experiment 13, leafhoppers were used as a source of 
BLTVA-MLO and celery was used for SAY-MLO. All extractions were 
done in Kirkpatrick's extraction buffer (BEM1). Chang's medium 
was used. This medium, designed by C.-J. Chang, was based on 
celery extract. Treatments were as follows: 

© BEM1/BLTVA-MLO/Air 

© BEM1/BLTVA-MLO/GasPak 
© BEM1/SAY-MLO/Air 

O BEM1/SAY-MLO/GasPak 


Experiment 14 - BLTVA- and PYLR-MLO culture in Chang based media 
under air or GasPak conditions. This experiment was similar to 


Experiment 13, but PYLR-MLO was used instead of SAY-MLO, and 
different extraction (BEM2) and culture (DMCMH) media were used. 
An anaerobic hood (Hood 1) was used instead of a GasPak. The 
DMCMH medium was extremely complex, and was a compilation of 
DCCM, M1D, Chang, H-2, and H-1 media. Treatments were as 
follows: 

© BEM2/BLTVA-MLO/Chang Medium/Air 
BEM2 /BLTVA-MLO/Chang Medium/Anaerobic Hood 
BEM2 /BLTVA-MLO/DMCMH Medium/Air 
BEM2 /BLTVA-MLO/DMCMH Medium/Anaerobic Hood 
BEM2/PYLR-MLO/Chang Medium/Air 
BEM2/PYLR-MLO/Chang Medium/Anaerobic Hood 
BEM2 /PYLR-MLO/DMCMH Medium/Air 
BEM2/PYLR-MLO/DMCMH Medium/Anaerobic Hood 


@®eeeood0oo 


Experiment 15 - PYLR-MLO culture in Pl, Chang, CBY, and M1D 
media, under air or anaerobic hood conditions, +/- yeast, plant 


extract inoculum. This experiment differs from the previous two 
in that additional media were used (P1, CBY, M1D) and, of 
possible importance, all extractions were done in completely 
anaerobic environments. Aliquots of each extract were then left 
in the anaerobic hood or removed to an aerobic incubator. Also, 
the medium to be used for culture was used in the extraction. 
Media used in these trials were very complex. CBY medium was 
based on Chang medium, with added fresh brain extract, extracted 
by B. C. Kirkpatrick. Yeast extract was obtained from C. Kuske. 
Pig brain extraction was obtained by using a tissue grinder to 
macerate neonate pig brains in cold 20 mM KC1/0.03 M HEPES 
buffer. The brei was centrifuged for 2 hours at 37,000 rpm, and 
the supernatant was filtered to remove contaminants. P1 medium 
was the first medium designed by us to mimic plant phloem sap, 
and contained aster lipid extracts obtained from M. Feldlaufer. 
It also contained complex components such as pig brain and yeast 
extract. Yeast co-culture was attempted in half of the trials. 
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The treatments were as follows: 

PYLR-MLO/M1D Medium/Air 

PYLR-MLO/M1D Medium/Air/Yeast 
PYLR-MLO/M1D Medium/Anaerobic Hood 
PYLR-MLO/M1D Medium/Anaerobic Hood/Yeast 
PYLR-MLO/Chang Medium/Air 

PYLR-MLO/Chang Medium/Air/Yeast 
PYLR-MLO/Chang Medium/Anaerobic Hood 
PYLR-MLO/Chang Medium/Anaerobic Hood/Yeast 
PYLR-MLO/CBY Medium/Air 

PYLR-MLO/CBY Medium/Air/Yeast 
PYLR-MLO/CBY Medium/Anaerobic Hood 
PYLR-MLO/CBY Medium/Anaerobic Hood/Yeast 
PYLR-MLO/P1 Medium/Air 

PYLR-MLO/P1 Medium/Air/Yeast 

PYLR-MLO/P1 Medium/Anaerobic Hood 
PYLR-MLO/P1 Medium/Anaerobic Hood/Yeast 
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Experiment 16 - PYLR-MLO culture in Pl, Chang, CBY, and M1D 
media, under anaerobic hood conditions, leafhopper inoculum. 
This experiment was similar to Experiment 15, except leafhoppers, 


obtained from A. Purcell, were used for PYLR inoculum. All 
cultures were maintained under the anaerobic hood. Treatments 
were as follows: 

© PYLR-MLO/Anaerobic Hood/M1D Medium 

e PYLR-MLO/Anaerobic Hood/Chang Medium 

© PYLR-MLO/Anaerobic Hood/CBY Medium 

e PYLR-MLO/Anaerobic Hood/P1 Medium 


Experiments 17-18 - EAY-MLO culture in MIMEK1 and PBS. In 
Experiments 17 and 18, eastern (EAY) and western (WAY) strains of 
aster yellows were used by L. Chiykowski to compare survival of 
MLOs in the MEMEK1 extraction medium/MIMEK1 culture medium system 
of K. Hackett to survival in 0.01 M phosphate buffered saline. 
The MEMEK1 extraction medium was designed to protect MLOs from 
oxygen. MIMEK1 was a medium that was designed to mimimize MLO 
membrane damage, but without the strong buffers and reducing 
agents of MEMEK1. Although leafhopper extractions were carried 
out at ambient temperatures, the cultures were immediately 
refrigerated for the duration of the experiments, which were 

5 (Expt 17) and 4 (Expt 18) days. Treatments were as follows: 


© Expt 17: EAY/4°C/MEMEK1/MIMEK1 
© Expt 17: EAY/4°C/PBS 
e Expt 18: WAY/4°C/MEMEK1/MIMEK1 
e Expt 18: WAY/4°C/PBS 


Experiment 19 - NJAY-MLO culture in PL-1 medium, under air or 
reduced oxygenation (by oil overlays), At 26°C or 4°C. Two 


innovations were introduced in this trial: a medium (PL-1) based 
on an extensive review of the literature on the composition of 
plant phloem sap, and through consultation with J. D. Pollack 
(Ohio State University) and J. G. Tully (NIH) (see Appendix 1); 
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reduced oxygenation through the use of mineral oil overlays on 
cultures in wells. The effect of refrigeration on MLO survival 
was also reevaluated. Treatments were as follows: 

© NJAY-MLO/26°C/Air 

© NJAY-MLO/26°C/0Oil 

© NJAY-MLO/4°C/Air 

© NJAY-MLO/4°C/Oil 


Experiment 20 - Co-culture of NJAY-MLO with bacteria. Previous 
evidence had shown that minute (unidentified) "satellite" 


bacterial colonies occurred on solid media during MLO isolation 
attempts. Because of the metabolite retaining properties of 
solid media (see Appendix 1), the possibility exists that MLOs 
might grow better in this milieu than in liquid media. To study 
these factors, we conducted the following series of experiments 
(Experiments 20-23). In all experiments, NJAY-MLO-infected 

M. fascifrons was used for inoculum. Either PL-1 or PL-2 

(a double strength PL-1) media were used for extraction. 

In Experiment 20, Luria, blood, and milk agar plates were 
used for culture; PL-1 liquid medium with Na,SO,; was used for 
extraction, and PL-1 liquid medium was used for culture. A 
bacterium (Bact1) isolated during Experiment 19 from NJAY-MLO- 
infected leafhoppers was used for one series of co-culture 
attempts (this bacterial culture was presumed to have some viable 
MLOs). Other bacteria (BacMx, used in Expt. 21) were obtained 
during isolation from NJAY-MLO-infected leafhoppers and plants. 
Extractions were similarly performed from healthy leafhoppers and 
plants (not shown in the treatment schema). Media were observed 
for bacteria and the presence of satellite MLO colonies. 
Treatments were as follows: 

© Bact1l & NJAY-MLO/PL-1 Liquid Medium 


0 Bactl & NJAY-MLO/Blood Agar 

© Bact1 & NJAY-MLO/Milk Agar 

© Bact1i & NJAY-MLO/Luria Agar 

e NJAY-MLO-Infected Leafhoppers/PL-1 Liquid Medium 

e NJAY-MLO-Infected Leafhoppers/Blood Agar 

e NJAY-MLO-Infected Leafhoppers/Milk Agar 

e NJAY-MLO-Infected Leafhoppers/Luria Agar 

ee NJAY-MLO-Infected Plants/Luria Agar/Unfiltered Inoculum 
ee NJAY-MLO-Infected Plants/Luria Agar/0.65 um Filtered 


Tnoculum 


Experiment 21 - To Determine if cultured bacterial contaminants 


pass through filters with MLOs. Evidence from previous 
experiments had suggested that small bacteria might be passing 


through 0.45 um filters. If so, filtration, which is known to 
Significantly reduce MLO inoculum titer (even through 0.65 um 
pore filters) (R. F. Whitcomb, unpublished data), would not be a 
practical method of obtaining adequate MLO inoculum for culture 
trials. This experiment is included here because NJAY-MLO 
Culture was attempted during the study. Essentially, a mixed 
bacterial culture (BacMx; see Expt. 20), containing MLO extract, 
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was passed through 0.22, 0.3, 0.45, 0.65, and 0.8 um filters and 
plated on Luria agar. 

© NJAY-MLO/BacMx/Luria/Unfiltered 
NJAY-MLO/BacMx/Luria/0O.22 um Filtered 
NJAY-MLO/BacMx/Luria/0.3 um Filtered 
NJAY-MLO/BacMx/Luria/0.45 um Filtered 
NJAY-MLO/BacMx/Luria/0.65 um Filtered 
NJAY-MLO/BacMx/Luria/0O.8 um Filtered 
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Experiment 22 - NJAY-MLO bacterial co-culture on solid medium 
under air and anaerobic hood conditions. This experiment was 


conducted, principally, to determine if MLOs might grow on solid 
medium under anaerobic conditions. Besides concentrating 
metabolites, solid media might act as a sieve trap for the 
limited inoculum. This experiment was also a co-culture 
experiment in that no antibiotics (and only 0.8 um filtration) 
was used in the extraction, which was done anaerobically. 
Penicillin discs were placed on the medium to provide a zone of 
bacterial inhibition, thus combining, in one experiment, the 
concepts of bacterial co-culture and bacterial-free isolation. 
Multiple PL-2A agar plates were used. Treatments were as 
follows: 

© NJAY-MLO +/- Bacteria/PL-2A/Air 

e NJAY-MLO +/- Bacteria/PL-2A/Anaerobic Hood 


Experiment 23 - NJAY-MLO culture on solid media, under air and 


anaerobic hood conditions, hemolymph inoculum. This experiment 
was Similar to Experiment 22, but no bacterial co-culture was 


attempted; penicillin-G was used to eliminate bacterial 
contaminants on the plates (PL-2A) and in liquid medium (PL-2). 
And, for the first time in our experiments, hemolymph from 
infected insects was used as inoculum. This was done to provide 
high quality inoculum free of toxins that are released during 
extraction of plant and insect material, and to reduce bacterial 
contamination. Treatments were as follows: 

© NJAY-MLO/PL-2A Agar/Air 

© NJAY-MLO/PL-2A Agar/Anaerobic Hood 

© NJAY-MLO/PL-2 Medium/Air 

© NJAY-MLO/PL-2 Medium/Anaerobic Hood 


Experiment 25 - NJAY-MLO culture from lettuce in serum-free and 
serum fraction media, under air and anaerobic hood conditions. 


Experiments 25 and 26 were conducted to test two concepts. One 
was that lettuce, because of the high quantities of infected 
tissue that can be processed, might be a better source of 
inoculum than leafhoppers. The second was that, since MLOs may 
be closely related to acholeplasmas (Lim and Sears, 1989), 
typical acholeplasma media, such as serum-free (SerFree) and 
serum fraction (SerFrac) media, might be effective growth media 
for MLOs. Levels of Tween 80 (from 0-0.4%; SerFree 0 = 0%), 
found to be important for acholeplasma cultivation, were 
employed. All extractions were performed in the cold room to 
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reduce damage due to oxygenation. Cultures in both experiments 
were monitored by T.-A. Chen using monoclonal antibody/ELISA 
procedures developed during the course of this grant. Treatments 
were as follows: 

0O NJAY-MLO/Air/SerFrac Medium 

© NJAY-MLO/Air/SerFree0O Medium 

oO NJAY-MLO/Air/SerFreel Medium 
NJAY-MLO/Air/SerFree2 Medium 
NJAY-MLO/Air/SerFree4 Medium 
NJAY-MLO/Anaerobic Hood/SerFrac Medium 
NJAY-MLO/Anaerobic Hood/SerFreeO Medium 
NJAY-MLO/Anaerobic Hood/SerFreel Medium 
NJAY-MLO/Anaerobic Hood/SerFree2 Medium 
NJAY-MLO/Anaerobic Hood/SerFree4 Medium 
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Experiment 26 - NJAY-MLO culture from lettuce in serum-free, 
PL-1, and M1D media, under air and anaerobic hood conditions. 
In this experiment, other promising media (PL-1 and M1D) were 
used in addition to serum-free medium with 0.4% Tween 80. 
Treatments were as follows. 

© NJAY-MLO/Air/SerFree4 Medium 
NJAY-MLO/Air/ PL-1 Medium 
NJAY-MLO/Air/M1D Medium 
NJAY-MLO/Anaerobic Hood/SerFree4 Medium 
NJAY-MLO/Anaerobic Hood/PL-1 Medium 
NJAY-MLO/Anaerobic Hood/M1D Medium 
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Experiment 27 - NJAY-MLO co-culture with an insect muscle 
cell line. During the course of these experiments, D. Lynn, one 
of our BARD collaborators, developed a cell line that had not 
previously been tried in mollicute co-culture. The intriquing 
aspect of this cell line was that it was the first insect muscle 
cell line ever developed. Importantly, it does not multiply; 
thus it might provide the advantages of co-culture for a slow 
growing fastidious mollicute, without depriving the mollicute of 
nutrients [nutrient competition was shown to play a negative role 
in co-culture of fastidious spiroplasmas (Hackett et al., 1986)]. 
To study this, the muscle cell line (Tex2) was set up in two 
different media, Tex2M medium, normally used to grow the cell 
line, and DCCM medium, which had previously been used to 
cultivate fastidious spiroplasmas. All culture was attempted 
aerobically. Inoculum consisted of cultures (Experiments 23 and 
25) that had tested positive by ELISA for acholeplasmas or NJAY- 
MLOs, and fresh NJAY-MLO extract. Treatments were as follows: 

© NJAY-MLO-Leafhopper Extract/Tex2 Cell Line/DCCM Medium 
NJAY-MLO-Leafhopper Extract/Tex2 Cell Line/Tex2M Medium 
Expt 23 Culture in PL-1 Medium/Tex2 Cell Line/DCCM Medium 
Expt 23 Culture in PL-1 Medium/Tex2 Cell Line/Tex2M Medium 
Expt 25 Culture in PL-1 Medium/Tex2 Cell Line/DCCM Medium 
Expt 25 Culture in PL-1 Medium/Tex2 Cell Line/Tex2M Medium 


@®oceode 


29 









































atria t iegKs fitod nk aewtivo .noitatepyxo oF sub: 
A279 \yaeriigns Isreloonom pitey anedd .4-.7F wa £ 
ainemisay? .30stp aint te sapies elt palms beqolavelaam 
reawollok: 
sree Se Ws 
bem Osertae@\ stale 7 
Soh lee Tie) 2tA\C Es 
Te linen Ceot3192 \ s£A\ Or 
wribew age T¥s08\xtA\e ~Vi 
aulbew os Tiree \ Sook seer 

eciboM Osoy7Inse \Goox oidoreenasy IM 
eutbed iexttise2\ bool otdortsnmh Odie 
method Seettst\ hook cide \ ome a 
naibem paaTixse\ book oidot - M- 
Fe et. 
«PIF 3 Byse fh d_ SE ital most 1d Sup OlM— YAGH = 
2p stb anion poe Ssdeieein. bos 36 gebo pifsm oO 
sew {GIM Soe I-08) sibem octelmoxq secito \tnemia 
08 hoow? 6+.0 dtiv aukbee eatt-avres oF notatthie 
-ewollot as exewiag 
auibeM #es1tts2\7LA\OTReRe 

mulfemM £-39\xrA\OEs 

muthem GoM\1LA\OIMy 
mfivemM fegtt 192 \book oldotosnA\ OMA 
wribem [-1¢\hook videtesaA\OINels 

aveheM GiM\book sidorzesqA\Oiee 


siouln Joeent ms. cd iby. ov Leo=ne. Cue omen 

ano .navi a SIAL Iwao Seeris Bo sanwdS9S edt onbana; 
Jon bed jst |kt Liso 6 begqaisveh ,siotereds{loo.¢ 
oiivpogini sit -.eumilyg-o0 stwollfiog al Bbetrs aan 
sfoaio tosent tueét ed agw 3h tedd ecw oaks {fen 
<< fev S Ibhet 7on auch 31 .ylinstuogqel ,beqoleveb rev 
WOls & XGt oybtiun-on to aspsadnsvbse ed? ebivozg : 

to edwotitom ett onivinesh tuatgtiw ,otvolifos syolbs 
3194’ S9vivepen & .yelq ot awotle eaw noistis¢eqmon inst 
-((960r ..f{6 to ttecdtoeh) ceanseigqoriges evolbitas? te 
ows ai qU to2 a6w {fxeT) eall tiem etoeum edd 
lies ac? wove 02 heat yiilarion ,aulbemt MexeT jai sa IA 

oF beex nesd yfiuolverg bad dot dw auibes. one -:) 

Osiame lis esw oiotioo {fA .esmasigowiqn evotbizes) be 
bas £1. g3q8m@lyeeKi) seiweleo to beseienqes ‘auiooeal 
TALK <o eosesigelodce 10% ASEIS yd evisigog & 3 
‘WWO1io02 26 oiew attstisey? .soevIee OIM-YAUM da 
TsibeM MOOd\ enh Ifod ¢xet\soscIee . 
auvibeM MixatT\ents LieD- i Noeihaie cea 

ai bet MISG\eahr [fed © 
autibet MiveT\antd (feo poe A an, pf 
guiper MOM \enlt Ife SaeP\awhben 
avibeM MSxeT\eald [isd oa 


ay 


a : 





Experiment 28 - Oenothera-MLO culture from explants in serum 
fraction and PL-1 media, under aerobic conditions. 
In this experiment, serum fraction and PL-1 media were sent to 
B. Sears (Michigan State University) where they were inoculated 
with Oenothera-MLOs from explants. At that time, Sears also 
attempted cultivation in additional media variants formulated at 
Michigan. Treatments using Beltsville formulated media were as 
follows: 

© Oenothera-MLO/Air/SerFrac Medium 

e Oenothera-MLO/Air/PL-1 Medium 


Experiment 29 - Oenothera-MLO culture from explants in PL-1M, 
serum fraction and PL3 series media, under aerobic conditions. 


In this experiment, media were sent to B. Sears (Michigan State 

University), where they were inoculated with Oenothera-MLOs from 

explants. The PL3 media series was another attempt to mimic 

plant phloem sap. Using a (mostly) defined medium (PL3-2) as a 

base, undefined components (or additional defined components) 

were added to make variants. PL-1M medium was PL-1 medium with 

high levels of undefined components. Treatments were as follows: 
© Oenothera-MLO/Air/SerFrac Medium 

Oenothera-MLO/Air/PL3-1 Medium 

Oenothera-MLO/Air/PL3-2 Medium 

Oenothera-MLO/Air/PL3-3 Medium 

Oenothera-MLO/Air/PL3-4 Medium 

Oenothera-MLO/Air/PL3-5 Medium 

Oenothera-MLO/Air/PL3-1M Medium 

Oenothera-MLO/Air/PL3-2S Medium 

Oenothera-MLO/Air/PL3-2Y Medium 

Oenothera-MLO/Air/PL3-2SY Medium 

Oenothera-MLO/Air/PL3-P Medium 
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Experiment 30 - Oenothera-MLO culture from explants in serum 
fraction, M1D, PL-1M, and PL4 series media, under aerobic 
conditions. 

Because of increasing evidence that factors that affect membrane 
stability are important in MLO maintenance, the PL4 media series 
was designed to incorporate high levels of membrane stabilizers, 
at a wide range of osmolarities. These media were sent to 

C.-J. Chang (University of Georgia) and B. Sears (Michigan State 
University) where they were inoculated with NJAY- and Oenothera- 
MLOs, respectively. Data from the Georgia and Michigan work is 
not yet available. At Beltsville, inoculum consisted of extracts 
from NJAY-MLO infected leafhoppers. All extractions were 
performed in the cold room to reduce damage due to oxygenation. 
Cultures were monitored by T.-A. Chen using monoclonal 
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antibody/ELISA procedures. Treatments were as follows: 
© NJAY-MLO/Air/SerFrac Medium 

NJAY-MLO/Air/M1D Medium 

NJAY-MLO/Air/PL-1M Medium 

NJAY-MLO/Air/PL4-1 Medium 

NJAY-MLO/Air/PL4-2 Medium 

NJAY-MLO/Air/PL4-3 Medium 

NJAY-MLO/Air/PL4-4 Medium 

NJAY-MLO/Air/PL4-5 Medium 
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Pasteuria Cultivation Experiment 


Experiment 24 - Determination of Pasteuria oxygen needs. Media 
designed for cultivation of MLOs, although unsuccessful for 
sustained cultivation of these microbes, when amended with 
components applicable to the "nematode pseudocoelomic 
microhabitat," were effective for cultivation of another, 
heretofore uncultivable, group of potentially important microbes, 
the plant nematode-parasitic actinomycetes, Pasteuria spp. 
Ironically, since Pasteuria spp. grow very slowly in these media, 
requiring 4-6 weeks between transfers, they might be excellent 
co-culture organisms for MLO culture. To begin the process of 
determining under which culture conditions they might be used, 
the oxygen requirements of Pasteuria were investigated. The 
treatments were as follows: 

© Pasteuria/Air 

e Pasteuria/Anaerobic Hood 
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RESULTS AND DISCUSSION 
Comparison of Methods for Determining Growth. 

Although we used many techniques (light microscopy, 
bioassay, gene probes, monoclonal antibody/ELISA) for monitoring 
MLOs during these studies, bioassay is the only one that measures 
viability. Problems, however, ensued in using this technique. 
Unexpectedly, the NJAY-MLO appears to be pathogenic for 
M. fascifrons. Also, some media were probably toxic. In 
general, high mortality often made estimation of viability by 
disease production unreliable. For this reason, future 
experimentation should focus on use of gene probes or ELISA to 
monitor MLO titer by time course studies. Some progress toward 
this end was achieved. 

In collaboration with B. Kirkpatrick at UC-Davis, we were 
able to observe an increase in gene probe intensity (e.g., 
Experiment 14: Table 5, 0-3 on intensity rank for PYLR-MLO 
cultures in DMCMH medium in anerobic hood; Experiment 15: 

Table 6, 2-5 for PYLR MLO in M1D medium) in dot blots of DNA 
extracted culture samples. The increase tended to peak at 1-2 
days, followed by a slow decline. This was corraborated in 
experiments with B. Sears at Michigan State University 
(Experiments 28 & 29: Tables 17 & 18). In these experiments, 
increases of up to 25-fold were observed. The gene probe results 
therefore suggest that the MLOs are increasing under the 
conditions of cultivation, but are unable to sustain growth. 


ELISA, at Rutgers and UC-Davis, also indicated a 1-2 day 
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burst of growth, followed by detection of the antigen for more 
than a month. For example, in Experiment 14 (Table 5), the 
optical reading in Chang medium increased from .38>.50 at Day 1. 
These results, taken together, show promise for both methods in 
the monitoring of MLO growth. 

Some questions remain to be answered. For example, in many 
experiments, e.g., Experiment 15 (Table 8, Without Yeast, Air, 
Passage 1, 10°), it is not clear, when starting with large 
amounts of inoculum (i.e., high optical readings), whether there 
has been a steady decline in the titer of organisms, or whether 
some limited growth was obscured by the presence of large amounts 
of antigen. That some growth did occur is suggested by 10"! 
subculture of these same cultures, which showed an increase in 
optical reading from Day 071-273, with a leveling off at Day 6. 
(It should be noted that during these cultivation attempts, fresh 
medium is typically added at an amount about 1/5 of the culture 
volume every 2 days. In the cases discussed here, much larger 
additions (higher dilutions) were made, with ATP and fresh plant 
extract as amendments. Maintenance of apparently stable values 
may therefore indicate growth.) 

Although many different types of pleomorphic structures were 
seen in MLO culture attempts, none could be definitively shown to 
be MLOs. Therefore, dark-field microscopy is probably an 
unreliable method for determining the presence of MLOs. This 
conclusion is not, however, categorical. Pleomorphic, budding 


structures were present in cultures that tested positive by ELISA 
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for acholeplasmas and NJAY-MLO in Experiments 23 and 25. More 
work, particularly electron microscopy, needs to be done to 
verify whether these structures are MLOs. If they are, dark- 
field microscopy could be a valuable tool in monitoring MLO 


titers. 


Comparison of Cultivation Components. 


1. Sources of Inoculum. The sources of inoculum used in these 
experiments were infected leafhoppers (hemolymph or macerates of 
whole insects) and diseased plants [celery, aster, lettuce, and 
evening primrose (Oenothera sp.)]. MLO isolates that exibited an 
initial burst of growth in the culture systems were obtained from 
whole leafhopper macerates (Experiments 17-19), celery 
(Experiments 13-15), and evening primrose (Experiments 28, 29). 
In Experiment 15, fresh celery extracts, when added to aerobic 
(but not anaerobic) cultures at Day 2, appeared to result in an 
increase in PYLR-MLO growth by Day 3 (Table 6). This was 
particularly true for primary cultures that had been diluted 
10-fold (Table 8: Without Yeast, Air, Passage 1, 10'). There 
was some evidence for isolation of MLOs from leafhopper hemolymph 
as well (Experiment 23, Table 16, slight ELISA reaction of NJAY- 
MLO pass 4 to NJAY-MLO-specific antisera.). However, the 
preponderance of evidence suggests that either whole leafhopper 
Macerates, or, particularly, macerates of highly diseased celery, 


were the best sources of inoculum used in these experiments. 
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2. Extraction Protocols. Initial survival of MLOs was 
accomplished using many extraction protocols, including 

(i) maceration of leafhoppers in air at ambient temperatures 
(Experiments 3-5, 10, 13, 16), (ii) on ice with refrigerator 
storage (Experiments 17, 18), or (iii) on ice in a cold room 
(Experiments 25, 26, 30), (iv) maceration of leafhoppers in an 
anaerobic hood (Experiments 16, 22), (v) maceration of celery in 
an anaerobic hood (Experiment 15), and maceration of infected 
evening primrose leaf tip cultures (Experiments 28, 29). Various 
extraction media proved efficaceous, particularly the highly 
reducing medium, MEMEK1, designed for these studies (Experiments 
17, 18), and various bacterial culture media (Experiments 14-16, 
28, 29: Pl-1, PL3 series, P1, Chang, DMCMH, M1D, CBY) and insect 
tissue culture media (Experiments 3, 4, 10: DCCM, AC-20M). Use 
of traditional extraction solutions, such as phosphate buffered 
saline (Experiments 17, 18: Table 13) or sulfite-containing-media 
(Experiments 6, 7: Table 4) or buffers (Experiments 8, 9: Table 
4), with the exception of BEM2 (Experiment 14: Table 5) and, 
possibly, BEM1 (Experiment 13: Table 10), were not nearly as 


effective. 


3. Culture Conditions. The two principal comparisons made in 
these studies were between isolation and culture (i) at ambient 
vs. cool or cold temperatures, in (ii) aerobic vs. anaerobic 
environments. Two types of anaerobic system were used: GasPaks, 


in which isolations were accomplished in air, with transferral of 
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isolates to the GasPaks; anaerobic hoods, in which isolations 
were usually performed inside the hoods. Two additional means of 
controlling the amount of oxygen available to the MLO cells were 
to use a mineral oil layer over the cultures, and to use tubes 
instead of microtiter wells. 

Isolation on ice, with maintenance of cultures in the cold 
(at 4°C) was clearly superior with regards to AY-MLO survival 
(Experiments 17-19: Tables 4, 13). Although it is not likely 
that such frigid conditions would be suitable for MLO culture, 
this method might nevertheless be a method for maintaining MLOs 
until toxins (from extracted leafhoppers or plants) dissipate or 
the MLOs can produce metabolites necessary for their growth. In 
general, there is every reason to believe that maintenance of 
cool conditions during isolation is preferable. However, the 
optimal temperature for culture cannot be deduced from these 
studies. Increases in MLO titers occurred in cultures incubated 
from 4°C (Experiments 17, 18: Table 13) to 28°C (Experiments 13- 
15: Tables 5-7, 10), the complete span of temperatures tested. 

Cultures were able to increase in air in tubes at 4°C 
(Experiments 17, 18: Table 13) or microtiter plates at 28°C 
(Experiments 13-15: Tables 5-7, 10). As shown in Table 8 
(Experiment 15), growth occurred in both aerobic and anaerobic 
environments. However, there was a striking difference between 
titers obtained from aerobic vs. anaerobic culture, with, as 
detected by ELISA, significantly higher titers of PYLR-MLOs in 


air (Tables 8-9: Day 1), but perhaps less continued maintenance 
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of MLO titers in air (Tables 8-9: Day 6). Counterintuitively, 
there was evidence (by gene probe) of a burst of growth in air 
after addition of fresh celery extract at Day 2 (Table 6). It is 
generally believed that oxygen would exacerbate damage by plant 
toxins; however, if the MLOs require oxygen, and plant extracts 
have nutrients needed for MLO culture, the observed growth is 
entirely explainable. Certainly, evidence accumulated in later 
experiments (Experiments 22-23, 25-26) do not support the 
contention that NJAY-MLO grows better in anaerobic environments. 
Also, oxygen-excluding mineral oil layers appeared to decrease, 
rather than increase, NJAY-MLO survival (Experiment 19: Table 4). 
With possible MLO affinity to the aerobic acholeplasmas (Lim and 
Sears, 1989), this is not surprising. Perhaps future experiments 
should be undertaken in systems, such as tissue culture flasks 
(with or without solid media) that allow easy penetration of 


oxygen. Aeration of cultures should also be considered. 


4. Cultivation Systems. Together with the somewhat enigmatic 
increase in AY-MLOs at 4°C in MIMIK1 (Experiment 18, Table 13) 
and PL-1 (Experiment 19, Table 4) media, three cultivation 
systems especially showed promise: (i) cultivation of Oenothera- 
MLO, extracted from leaf tip cultures, in PL3 series, PL-1M, and 
SerFrac media, under aerobic conditions at 28°C (Experiments 

28, 29: (ii) cultivation of PYLR-MLO, extracted from celery, 

in various media (particularly P1, Chang and M1D media), under 


aerobic conditions at 28°C (Experiments 14, 15); 
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(iii) cultivation of NJAY-MLO, extracted from leafhoppers, in 
various media (particularly PL-1, SerFrac, and SerFree0O), under 
aerobic conditions at 26°C (Experiments 22-23, 25-26). Evidence 
for the success of the first two systems was obtained through 
time course monitoring of cultures by gene probe and ELISA; 
evidence for the success of the latter systems was obtained 
through microscopic and ELISA monitoring of cultures for long 
time periods, over many passages. 

These methods suggest several conclusions: 

1. All three monitoring systems (bioassay, gene probe, 
ELISA) used in these studies were adequate, but provided 
different clues (viability, genome multiplication, and cell 
growth, respectively) as to the progress of the cultures. Light 
microscopy may yet be found to have application, but much work 
needs to be done in this regard with confirmation of cultured 
organisms by electron microscopy. 

2. Cultivation of several, somewhat unrelated, MLOs may be 
achievable (including, Oenothera and PYLR-MLOs, BLTVA, and aster 
yellows MLOs from New Jersey, Canada, and the western United 
States). Note: the taxonomic identities and phylogenetic 
relationships of these MLOs have not been well established; some, 
of these MLOs may be in the same taxon. Even MLO strain 
differences may prove to be important in cultivation success. 

3. Whole leafhoppers (or possibly their hemolymph) or 
diseased celery may be suitable sources of inoculum for 


cultivation trials. However, the best source used in these 
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experiments may have been leaf tip cultures. 

4. While extraction should be performed on ice, preferably 
in a cold room, cultivation at 28°C is probably satisfactory. 
Whether cultivation at 26°C or 30°C would be better cannot be 
ascertained from these studies. However, poor survival of AY-MLO 
at temperatures above 32°C suggest that higher temperatures 
should be avoided. 

5. Efforts should be made to increase oxygenation in culture 
systems. This does not, however, rule out. the possibility that 
extractions might be less harmful to MLOs if carried out under 
totally anaerobic conditions. Perhaps, after a period of 
adaptation under anaerobiosis or refrigeration in which toxins 
are metabolized or inactivated or essential metabolites are 
allowed to accumulate under anaerobiosis, cultures could be 
gradually weaned to oxygen-containing atmospheres and higher 
temperatures. 

6. Media shown to be useful for cultivation of MLOs (i) were 
based on components found in phloem saps (P1, PL-1, PL-1M, PL-3), 
(ii) had plant extract additives (Chang, or fresh celery 
extract), (iii) were based on a knowledge of insect hemolymph 
(M1D), or (iv) were media proven to be successful for cultivation 
of acholeplasmas (SerFrac, SerFree). A successful strategy might 
be one in which a medium with a large number of chemically 
defined components (e.g., P1, PL-1, PL3-2: Tables 18, 224A) is 
supplemented with plant extracts and other complex nutrient 


Sources (such as has been done in the past in formulation of 
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Chang and M1D media, respectively, and in the PL3 series media 
here). 

7. Components (as summarized in Appendix 1) found to be 
important in obtaining initial bursts of MLO growth in culture 
appeared to be ones involved with membrane stability, e.g., 
mOsm > 500, and high concentrations of choline chloride, BSA, 
polyamines, and glycerol in the media. High concentrations of 
amino acids (> 16 g/l) also appeared to encourage growth. Serun, 
yeast extract, and high concentrations of tryptone appeared to be 
detrimental. 

8. None of the co-culture systems (Experiments 1-4, 8, 15, 
20-21, 27: DU-E beetle cells, AC-20 leafhopper cells, yeast, 
bacteria) appeared to improve survival of MLOs. The yeast, as 
utilized here, may have been detrimental (Experiment 15: 

Tables 6, 8). However, the striking success in use of these 
systems for cultivation of other fastidious mollicutes (including 
spiroplasmas and mycoplasmas), suggests that this line of 


research should not be abandoned. 
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Studies on the Biology of the New Jersey Aster Yellows Agent 


Some features of the vector relationship of the NJAY MLO 
were determined. After a 4 day acquisition access by 1st instar 
Macrosteles fascifrons nymphs, followed by a latent period of 14- 
25 days (mean = 17.9), 59-66% of surviving adult leafhoppers 
transmitted the pathogen for 9-46 days; maximum transmission 
occurred from 25 to 39 days after the acquisition access period. 
Plant symptoms appeared 2-4 weeks after infected leafhoppers were 
placed on young healthy plants. Symptoms were characteristic of 
aster yellows, and included floral virescence. In contrast to 
classical strains of AY, however, NJAY-MLO appeared (Fig. 1) to 
be pathogenic to M. fascifrons (p < 0.05 in Mann-Whitney and 
Wilcoxson Ranked Sum tests; infected n = 23, noninfected n = 12). 
Similar survivorships were observed for males and females. Also, 
the two sexes appeared to transmit the disease agent at similar 
rates: 33.3% (female), and 23.7% (male). Observation of 
pathogenicity for the vector suggests that, unlike many strains 
of AY agents in the eastern U. S. transmitted principally by 
M. fascifrons, NJAY may be transmitted by another vector in the 
field. The failure of NJAY-MLO monoclonal antibodies to react 
with other AY strains may, therefore, reflect basic biological 


differences in field maintenance. 


41 























otter Bie acts io eatustset« 
vec § 6 reJTA .bs 

s yd Bewollot ,atiqnyn gooxtious? &s > a) 

x 

[Ube PARivivawa to #7)-02@2 , (2.7L = 180) 

, ‘ cir x c8-@ yo? report sq ads bst 

jolt Lleaiup | TeIIS SYP et ot 2¢ sox? ’ 

SbeToe its ; ; 14aw b— bore eqqs aio cr r 

to. fusinezedo suéw emoiqnye .evnalgq yitised patoy ae 

IONSVeP Tt i559! bebylodi Sas ,swol 9) 


| ,YA %0 enlexzte tee 


kd 
al 
— 
9) 
7; 
“4 
ad 
a 
t 
- 
ve 


y 
Py ft 2.4 2 as } fos Vives a HM ag olin 3 ps 


oe SSstoswinticn 43 = © bOtJDSta!Y ,avess aut betaiset a6 
f *. 

» fA one te te. : : - % a os 
oat: -SSi0te2 Dis aalicm 4oR% Seovieedo asew eqidatoviver, 


@ 
a 

>>. 4. )58 

t 7 


18itrtie 5 3nebs eescetb ais timenist oF Sorseqgs a 
+ SsvV wean . (oi pal) at ,€s bes . (si emet) #t 
Tio6tJ# Yiga edtfinu ,jets etasppve yodoev eit xzot stot 
ya ylisaianing beddiwenst? .2 2 distere ends al aca 
si3 «i vo3vev tYadsone yd betzigenaty ed yam YACH , ee 
Jasex of eo! thot Ire fancl sortom OIN~YAGH to owtis® 
Leaipclold oLesd Joalies ,s1olexeniy .yen oniesde 1 me 


- Soraaroaeies Leet biel? a i « 





<i 
i 
: 
; ee ee 7 
nee sey ee 


- Pe, ; 





- 
yy 


100 


90 


80 


oe 


ee ce ee ee @©2 ef ©e& 2e © © 22 #2 oo 


70 


we we we we we we B we on wo oo om oe w= oo 
Be eafes colustanaligiies e« sales aap cafeo co 


+ 


60 


40 


ne ce we fb we we we f me wn we $f om we we f mm me om HF me we oe $ oe me oe toe 
+ 
| 
J 
J 
f 
! 
+ 


3Q 
oe eo oe wo we ee ee $a = 
nYPE DISEASED HEALTHY 


Fig. 3. Schematic plot of longevities of healthy Macrosteles 
fascifrons leafhoppers, and of leafhoppers that transmitted NJAY 
MLOs to aster. Ordinate = longevity in days. The mean 
longevities of the two classes of leafhoppers were significantly 
different statistically (see text). , 
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tegend for Table 1. 


24-well = Twenty four well microtiter plate 

ac-20 = AC-20 leafhopper cell line 

Amb = ambient (24-28°C) 

Ast.-Lam. = aster laminae 

Ast.-Pet. = aster petioles 

Atm = atmosphere 

Bpactl = small motile bacillus associated with leafhoppers 
BacMx = mixture of bacteria associated with leafhoppers 
Bio = bioassay 


BLTVA = beet leafhopper transmitted virescence agent 
ELISA = enzyme linked immunosorbent assay 
Cold extraction was done in cold room on ice 


DU-E = Diabrotica undecimpunctata cell line 
FAY = eastern strain of aster yellows 
Explant = plant leaf tip tissue cultures 
Expt = experiment 

F= female 


GasPak = anaerobic jar containing 95% CO,, 5% H, 
Hoodl = anaerobic hood containing 90% N,, 10% H, 
Hood2 = anaerobic hood containing 90% N,, 5% CO,, 5% H 


Ice = extraction was performed on ice 
Leafhp = leafhoppers 
(eenigh mortality of test insects 
M = male 
M. f. = Macrosteles fascifrons 
Micr = observation and enumeration by dark field microscopy 
MicTb = microfuge tube 
NJAY = New Jersey strain of aster yellows MLO 
= Oenothera-MLO infected leafhoppers 
Pastr = Pasteuria penetrans (a nematode pathogen) 
PYLR = potato yellow leaf roll strain of Western-X MLO 
Probe = gene probe 
SAY = severe strain of western aster yellows MLO 
SFC-SFRO = serum fraction and serum free (no Tween 80) MLO cultures 
Solid = solid agar plate 
Symp = % plants that developed aster yellows disease after 
inoculated leafhoppers had fed on them 


Temp = temperature 
Tex2 = hymenopteran parasite cell line 
Tube = 12 x 75 mm culture tube 


Yeast = yeast supplied by D. L. Williamson 
Also, see: List of Media; Extraction Procedures 
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Table 5. Growth of PYLR in Chang and DMCMH Media, as Determined 
py Polyclonal Antibody/ELISA & [Gene Probe ranked by 
intensity of dot on X-ray film] (Experiment 14) 


aE a” PS ES CN ee eR a pee, 











Day 0O Day 1 Day 2 DAV Rls. 

culture in Chang Medium 

Air 228 -50 8) 

GasPak .38 .48 slap (ne 
Culture in DMCMH Medium 

Air ao 0 et P4 

GasPak .29 31 peel Cie 

-> Anaerobic Hood 
: [3] 

Chang Medium Control 

Air Od 

GasPak aL 
DMCMH Medium Control 

Air sO 
PYLR Celery Control Geant 
Healthy Celery Control tae 
[Gene Probe Control] [0] 


So  . —s3OrvOvV0 ana 


= Pass 2, 1:10 
= Pass 3, 1:10; transferred to Anaerobic Hood on Day 7 


ak 
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Table 6. Growth of PYLR in Chang, M1D, CBY, and Pl Media, as 


Determined by Reaction with an rRNA Gene Probe to PYLR 
(ranked by intensity of dot on X-ray £rIm) (Expt 2815) 


ae eas en ee ee a Lh! UR See 
D 


ay Ommbay 1 Day y27 Day 3° Day 6 


With Yeast Co-Culture 
Culture in Chang Medium 





RET ah ah 0 0 0 
Anaerobic 1 1 1 1 1 
Culture in M1D Medium 
Air cL 3 iL 2, 1 
Anaerobic uf 2 2 ah a 
Culture in CBY Medium 
Air eli 0 O O 0 
Anaerobic ul 0 0 0 0 
Culture in Pl Medium 
Air 3 3 1 24 2 
Anaerobic 3 4 3 2 @) 
Without Yeast Co-Culture 
Culture in Chang Medium ATP FPE ATP 
Air 4 4 1 2 it O 
Anaerobic 5 4 3 ee aoret 2 
Culture in M1D Medium 
Air 2 > - + #i A 0 
Anaerobic 2 4 Bd hae 2 
Culture in CBY Medium 
ele ik J 1 at L 3 + 0 
Anaerobic 4 Zeic» Al ieee ye Ed! ND 
Culture in Pl Medium 
Air 8 fi 4 ik MY zZ + 0 
Anaerobic 10 5 at Sy x aj! ND 
Media Controls 
With Yeast 
Air 
M1D 0 (0) 
Anaerobic 
M1D 0 0 
Pl 0 O 
Without Yeast 
Bar 
M1D 0 0 
Pl 0 0 
Healthy Plant Extract Controls 
In M1D Medium 0 0 
In P1 Medium 0 Gs 


ND = not determined; 
= ATP or Fresh plant extract added to culture 
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Table 7. Detection/Growth of PYLR, Extracted From Leafhoppers, In 
Anaerobic Hood, as Determined by Reaction with an rRNA Gene Probe to 
PYLR (ranked by intensity of dot on X-ray film) (Experiment 16) 


a ee ee 








Day 0O Day 7 
Chang Medium 
PYLR Diseased Celery 1 
Healthy Celery Control 0 
M1D Medium 
PYRL Diseased Celery 1 
CBY Medium 
Healthy Celery Control 0 
Pl Medium 
PYLR Diseased Celery 1 0 
Healthy Celery Control 0 
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Table 8. Growth of PYLR in Chang, M1D, CBY, and Pl Media, as 

Determined by Reaction with Polyclonal Antibody/ELISA 
(Experiment 15) [aveages of two values] 




















Day 0O Dayvad Day 2 Day 3 Day 6 
With Yeast 
Air 
Passage 1 (10°') 
Chang Medium - 148 .208* - 280% 263% aa le hy) 
M1D Medium 7202 5 aa es ~-443%* -076 OLS 
CBY Medium Gane 5 less 4! -278* -280* ~-2/9% 
P1 Medium -140 OW, -154 Atay) 5 LESS 
Anaerobic Hood 
Passage 1 al.) 
Chang Medium 5 Aue SONS 2276 -250 
M1D Medium = aber) -063 -O51 -050 
CBY Medium ee -169 LOG - 166 
Pl Medium -140 eee A An WS¥s) -168 
Without Yeast 
Air 
Passage 1 (10°) ATP FPE ATP 
Chang Medium -798 Seo -719 Were 08 (45) e419 
M1D Medium - 686 ~6305 -607 TCS OAS le 2d 
CBY Medium nets ie} -540 tao LO AD AWA CA tae 
P1 Medium 5615 7650 te OUS Wee Oa Of eo). Gee 
Passage 1 (107') 
Chang Medium 6 Le! -124 5 LESS} Ly Sew. 41.149 
M1D Medium ees. - 136 -142 oe 2s +2091 
CBY Medium -104 Od re LO 5 bE TAS BPE S {25 
P1 Medium 5 BLS 5 alts} 7/ Le 82 HB yale ts) 1.174 
Anaerobic Hood 
Passage 1 (10°) 
Chang Medium atI9S -677 -694 4 .533(.43) 1.504 
M1D Medium - 686 e256 ZOOS 1 ..446(.35) 1.437 
CBY Medium SDos -469 te 465 fe 359 Cr29) 45336 
P1 Medium OMS HOUs L419 4° .419(230)1 7410 
Passage 1 C708) 
Chang Medium mie (ts) LOL -180 + .194 Ned e/ 
M1D Medium MLO LA leo Hale wy; tree LS veou25 
CBY Medium Cin (te) me 2k fe age WKS) Pe Ke Wes aba 
Pl Medium Mie2 Cele) «L46 Jee 2 te. LOZ 4.042 
Passage 2 (10°” 
Chang Medium 039 344 365 
M1iD Medium -319 nos eats ti 
CBY Medium ee ok nos ~205 
Pl Medium AE BP 7204 5 PREM} 


eee ee a aaa Se eT ea aaa na ° 
= precipitate in well, from yeast growth, may have interferred with 
Measurements; | = ATP, or Fresh plant extract added 
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Table 9. Comparison of PYLR Titers in Air and Anerobic Hood Without 
yeast, Passage 1, as Determined by Reaction with Polyclonal 
antibody/ELISA (Experiment 15) 


ee SSO ES eeeeeeeeeeeSn—n—nc80 OO 


GW Anaerobic Hood 

DAY 1 

Chang Medium ar ew Os. 

M1D Medium 2O3D syste 

CBY Medium -540 -469 

P1 Medium -650 4503 
DAY 6 

Chang Medium -419 -504 

M1D Medium -207 3437 

CBY Medium woe 2s 6 

P1 Medium saz 2 c40 


a  ,,E 
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fable 10. Growth Titers of Selected PYLR (Experiment 14), BLTVA 

(Experiment 13), and SAY (Experiment 13) Cultures in Chang And DCMCH 
Media, aS Determined by Reaction with Polyclonal and Monoclonal 
antibody / ELISA 


lu tS es 
POLYCLONAL Ab 


Celery Inoculum 


SAY (Pass 2, Chang Medium) -077 
PYLR 
(Pass 1, Chang Medium, GasPak) .394 
(Pass 2, DMCMH Medium, Air) 7106 
PYRL Celery Control L252 
Leafhopper Inoculum 
BLTVA (Pass 2, Chang Medium) -069 
BLTVA Celery Control O70 


MONOCLONAL Ab 


Celery Inoculum 


SAY (Pass 2, Chang Medium) -065 
PYLR 
(Pass 1, Chang Medium, GasPak) ~344 
(Pass 2, DMCMH Medium, Air) Stalks) 
PYRL Celery Control 1.314 
Leafhopper Inoculum 
BLTVA (Pass 2, Chang Medium) .068 
BLTVA Celery Control ~057 
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fable 11. Detection/Growth of PYLR, Extracted From Leafhoppers, 
In Anaerobic Hood, as Determined by Reaction with Polyclonal and 
Monoclonal Antibody/ELISA (Expt. 16) 


Teen en eee 


Day 0O Day 1 Day 4 Day 6 














Chang Medium 


PYRL (10°') .050 .045 .039 

Healthy LH Control .034 -038 -036 

Medium Control (Anaer. ) | .026 
M1D Medium 

Preoetio*) .036 .034 033 

Healthy LH Control 7023 =028 2025 

Medium Control (Air) .016 

Medium Control (Anaer.) RO2T 
CBY Medium 

PYRL (10°!) Road .034 .032 

Healthy LH Control ND ND O13 

Medium Control (Air) ef ape ly 

Medium Control (Anaer.) O24: 
P1 Medium 

PYRL (107) .028 .025 .025 

Healthy LH Control -024 .026 .024 

Medium Control (Air) .016 

Medium Control (Anaer.) oO Laz. 

re eee eee 
ND - not determined; LH = leafhopper; Anaer. = anaerobic hood 
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Table 12. Growth Titers of BLTVA, SAY, and PYLR in Chang and 
DMCMH Media, as Determined by Reaction with Polyclonal and 
Monoclonal Antibody/ELISA (Expt. 13 & 14) 


| ee 





Day 9 Day 15 
Healthy Leafhopper Control (ave. of 4) 2024 
Media Control (ave. of 4) -020 
BLTVA 
Pass 2, Air, Chang Medium .026 
DMCMH Medium OL. 
Pass 2, GasPak, Chang Medium .024 
SAY 
Pass 2, Air, Chang Medium .024 
Pass 2, GasPak, Chang Medium .029 
Anaerobic Hood, Chang Medium -031 
PYLR 
Pass 2, GasPak, Chang Medium -086 
DMCMH Medium -108 
Anaerobic Hood, Chang Medium pe ey 
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Table 13. Maintenance of AY-MLO in MIMEK 

; ’ ly CEA IPBS i 

Air, as Determined by % Disease Transmission of se Siete 6 
Leafhoppers (Experiments 17 & 18) : 


en 


Day O0O Day 1 Day 2 Day 3 Day 4 Day 5 





SAY-MLO 

MIMEK1 Medium a6 42 10 

PBS 3 0 0 ; 
WAY-MLO 

MIMEK1 Medium 20 4 0) 38 50 

PBS 47 0 0 0 


NU Ua En ISIE 
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SS en a. 2 eS. ae. ee ee ee ee eee 
ble 14. Growth of NJAY-MLO in PL-1, 


Ta M1D, SerFree, and SerFrac 
Media, as Determined by Reaction in ELISA with a Mixture of 6 
WJAY-MLO-specific Monoclonal Antibodies and Acholeplasma-specific 
Polyclonal Antibodies (Experiment 25) 


a 





Antibody 

NJAY A.ax A.gr A.ld 
CONTROLS 
pps Control -000 -000 -000 -000 
SserFreeO Medium Control <025 O73 .062 -000 
SerFrac Medium Control -000 -005 .004 -284* 
Healthy Lettuce Control ~O06D ~L22 - 104 
NJAY-MLO Control >2 -062 ~O5s -103 


Also, Healthy Rabbit Serum reacted with NJAY-MLO at 0.084, with Healthy 
Lettuce at .055. 


AIR 
SerFreeO, Pass 1, 10-1 } .330 NIG .022 .063 
10-2 3 .083 PoAq .000 Noy at 
10-3 + .000 .152 .000 .047 
SerFreel, Pass 1, 10-2 .022 .000 .000 .000 
SerFree2, Pass 1, 10-2 .000 .000 .000 .000 
SerFree4, Pass 1, 10-1 .073 .055 2151 .063 
SerFrac, Pass 1, 10-1 287 Rely fe: .008 1326 
10-2 .054 e187 .000 D219 
10-3 .057 .148 .000 .414 


ANAEROBIC HOOD 


SerFree0O, Pass 1, 10-2 -087 -047 -450 HORS, 
SerFreel, Pass 1, 10-2 -000 -000 -003 - 000 
SerFree2, Pass 1, 10-2 2055 .000 OO pO ee 
serFree4, Pass 1, 10-2 -000 7OOL .186 e155 
jerass 12);-110-1 «G26 «9 ~O5L ALO AEP) 
serFrac, Pass 1, 10-2 7028 -000 - 006 .344 
A.ax = Acholeplasma axanthum; A.gr = A. ranularum; 
Ald =A. laidlawii 
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fable 15. Growth of NJAY-MLO in PL-1, M1D, SerFree, and SerFrac ~ 
Media, as Determined by Reaction in ELISA with a Mixture of 

6 NJAY-MLO-specific Monoclonal Antibodies and 

Acholeplasma-— specific Polyclonal Antibodies (Experiment 26) 


en ea ie eine Sa © coos cnn 


Antibody 

NJAY A.ax AOE Dead Ke | 
CONTROLS 
pps Control -000 -000 -000 -000 
SerFreel Medium Control -000 .000 .005 .453%* 
MID Medium Control -000 -000 S002 . 256% 
PL-1 Medium Control -000 -000 -000 743% 
Healthy Lettuce Control -061 e122 .104 
NJAY-MLO Control 2 -062 ~051 C03 


Also, Healthy Rabbit Serum reacted with NJAY-MLO at 0.084, with 
Healthy Lettuce at .055. 


AIR 
SerFreel, Pass 1, 10-2 -015 .060 ~020 ~o8 
SerFree4, Pass 1, 10-2 - 000 - 000 -008 -418 
M1D, Pass 1, 10-2 -000 - 000 .049 RRS 
Pass 2, 10-1 -002 -000 -000 -164 
w-1, Pass 1, 10-1 Alay eae -000 .000 oad 
LO=2Z 009 .000 -000 .264 


ANAEROBIC HOOD 


SerFreel, Pass 1, 10-2 «000 - 000 -000 chon e) 
SerFree4, Pass 1, 10-2 S007 -000 .000 2350 
M1D, Pass 1, 10-2 BOLLS -cUL -000 egal sak 
Peea, Pass 1, 10-1 7038 -094 BUN, -268 

10=2 -048 - 006 -000 rycits hs) 


EE ee 
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fable 16. Growth of NJAY-MLO in PL-1 Medium, as Determined by 
Reaction in ELISA with a Mixture of 6 NJAY-MLO-specific 

Monoclonal Antibodies and Acholeplasma-specific Polyclonal 
Antibodies (Experiments 22 & 23) 


SS Sg 





Antibody 

NJAY A.ax ASOr A.ld 
CONTROLS 
pBS Control - 000 -000 -000 -000 
PL-1 Medium Control - 000 - 000 - 000 -143%* 
Healthy Lettuce Control -061 lees -104 
NJAY-MLO Control >2 -062 ODL nLO3 


Also, Healthy Rabbit Serum reacted with NJAY-MLO at 0.084, with Healthy 
Lettuce at .055. 


AIR 
Experiment 22: From agar ---> liquid medium at pass 2. 
Fo-1, Pass 4, 10-2 -018 -001 - 264 -489 
Pass 5, 10-1 ep AC AAN - 009 -000 7007 


Experiment 23: From agar ---> liquid medium at pass 2. 


Fi-1l, Pass 3, 10-2 - 000 -013 - 000 ~424 
Fass 4, 10-1 sO e -026 - 000 - 308 





60 














vd beniawéetsd Bs ry r-4 af GIN-YACH fe 

Si ticoqe-QUM-YAtM 4 to exwixiM s Asi 
(snoloyiel ofbiveas-satelgelodnéA bra @ekd 

(C&S a $S ade oak? 











c< 


680.0 Js OIM-YALK Adviw betosey eirxes 





mauibem bivpi{L <--- 16y8. — 


x 
4 


9 pac. roo. sro. | ? ve a 
600. e00. f£so. 


tae 


-& aeeg te muibem biuplil <--= all a 







| Doh. 200. EXO 000. S“Or 4 
SOc. ooo, aso. sro. £-OL 4! 





i 67 ee Re aa ee Ber Sa 6 6OUTD)T be a OG panLlase ae mand) Onan Danek a 
Table 17. Growth of Oenothera-MLO in PL-1, SerFrac and Sears' Broth and 


semisolid Media, as Determined by Intensity of Autoradiogram Blots with 
3, sears' 4.2 kbp Oenothera-MLO Plasmid Probe pmp9 (Experiment 28) 


at Passage 1 Passage 2 
Day O Day Day 14 Day 28 Day 7 
Inoculum a 
SerFrac 4 4 0.5 
PL-1 a ae a ao ee ere oe > 
Sears 'Media 
Broth 5 4 OD 
Semisolid 2 2 i 


i 
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fable 18. Growth of Oenothera-MLO in PL3 Series, PL-1M, and SerFrac 
wedia, as Determined by Intensity of Autoradiogram Blots with B. Sears' 
4.2 kbp Oenothera-MLO Plasmid Probe pmp9 (Experiment 29) 


a ed LL le? !dU””™”*~*~=“‘“‘“waNNCSS | hmL eS 
Day 0 Day 3 Day 11 Day 14 
frial 1 


Se 


supercoiled DNA 


PL3-1 ND ND ND 

PL3-2 4 3 1 

PL3-3 ives 2 1 

PL3-4 3 2 3 

PL3-5 4 3 aan) 

PL-1M ND 4 3 

PL3-2S 83.5 3 2 

PL3-2Y 3 2.5 2) ® 

PL3-P 2 2 Za 

PL3-2SY 2 ih ak 

Trial: 2 

Supercoiled DNA 

PL3-1 ND ND ales) 
DL =2 1 10 15 
PL3-3 ay 20 15 
PL3-4 10 20 15 
PL3=5 ND 25 10 
PL-1M 10 20 20 
PL3-2S o) 15 10 
PL3=2Y 2 20 15 
PL3-P 1 18 10 
PL3=2SY al 10 8 
SerFrac ND 15 10 
Linear DNA 

PL3=1 ND ND 10 
PL3-2 1 ah 10 
PL3=3 1 3 15 
PL3=4 1 3 5 
PL3=5 ND 5 10 
PL-1M 1 3 3 
PL3-25 1 3 10 
PL3-2Y 2.5 3 15 
PL3-P 16 3 5 
PL3-2SY 1 il 5 
SerFrac ND 3 3 
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fable 19. Growth of NJAY-MLO in PL-4 Series, PL-1M, M1D, and 
gerFrac Media, as Determined by Reaction in ELISA with a Mixture 
of 6 NJAY-MLO-specific Monoclonal Antibodies (Experiment 30) 


CONTROLS 


NJAY Lettuce 

Healthy Lettuce 

Healthy Leafhoppers in: 
M1D 


NJAY Leafhoppers in: 

M1D 

SerFrac 

PL-1M 

PL4-1 

PL4-2 

PL4-3 

PL4-4 

PL4-5 





ee ——————_ eaeeeeteeenee 
—_—____. —<—__—_—_ 


0.006 

Sea lidak 
-0.027 
-0.060 
=U". 002 
Ore 2 J 
-0.071 
=0..-1.01 


-0.047 
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-0.047 


-0.014 
-0.080 
-0.081 
-0.044 
-0.040 
-0.091 
-0,065 
-0.111 


0.031 


Day 7 


-0.098 


=O 5106 
=0 1020 
-0.146 
=0.251.05 
=O 37102 
= 20 

0.012 
0.006 


0.035 
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Table 19. MLO Cultivation Media. 








Schneiders 
Drosophila 















Component CMRL Media 199 


Media-1066 











Inorganic salts and buffers (mg/liter) 


———————— 


a rr 

— nn 
Oy 
Fe (NO,) ,° 9H,0 ae 
a rr 
—————— 


MgSO, 7H,0 3,700 
aoe Le (SE: SSE 
2, 100 6, 800 6, 800 
Rano, 71,0 ae ee ee ek ee 
NaH,PO," H,0 ee 

(NH,) ,Mo,0,,+ 41,0 ae a a 
die a a ee ee 


NgCI," 6H,0 [— 
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Nucleic acid precursors (mg/liter) 


—————— ———————_-S Sar 


DNA, herring sperm 
RNA, torula yeast 





Cytidine monophosphate 
Cytidine triphosphate 


Guanine 


Guanosine 


Guanosine monophosphate 


Guanosine triphosphate | | 
Hypoxanthine eee ee 
oe a ae 
| _f See 

3 = ae 

Se Se 

_ Sea 






Cytidine 


Xanthine monophosphate 


2’-Deoxyadenosine 


2’-Deoxyadenosine 
monophosphate 


2’-Deoxycytidine are 56 9) | 
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2'-Deoxycytidine 
monophosphate 


2’-Deoxyguanosine 
monophosphate 


eS So 
2’-Deoxyuridine 
monophosphate 
et ear 
ee eee 07 
ts eS 








pyrophosphate 
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Cofactors (mg/liter) 


| Sl ee eee 
Flavin adenine a ged 6 
dinucleotide 
a 





















dinucleotide 
dinucleotide eens 
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Carbohydrates, Sugars, Sugar alcohols, Phosphorylated Sugars, 
Osmoregqulators (mg/liter) 


| 


Choline chloride 


Erythrose 


eS Se 
in eee meee 
Erructose-6-phosphate, || 
ee ee ee | 
Eetycerol=s-phosphate P| 
| SEAL leer (eae ae 
a a a 
EE a a 
[Sodium glucuronate | |e 
EEE re a 
a ee ce 
one a a 
SE nn 
Meee | || so 
ee 
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Amino Acids (mg/liter) 
ecceeen | 70 =| | 
Meccrciayest i} s | | 















fiecystine cr | 
finistidine | 600 
[i-wydroxyprotine | 
fi-tysine-ucn | 600 
fi-Methionine | 400 
[u-Phenylalanine | 600 


L-Valine oe 
Total 22,000 
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Nucleic acid precursors (mg/liter) 


50 
150 


Cytidine triphosphate 


Guanine 
Guanosine 


Guanosine monophosphate 


Guanosine triphosphate 
Hypoxanthine 


Inosine 


25 
50 
100 


2’-Deoxyadenosine 
monophosphate 











2/~Deoxycytidine 
2’-Deoxycytidine 5 
monophosphate 


2' ~Deoxyguanosine 












2’-Deoxyguanosine 5 
monophosphate 


2’-Deoxyuridine 5 
monophosphate 


Phosphoribosyl 200 
pyrophosphate 


750_ 
Ribose-1-phosphate 


Deoxyribose-1-phosphate 


5-Methyldeoxycytidine ———-—~--| 
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Cofactors (mg/liter) 


Cocarboxylase 


Coenzyme A 


ty 
> 


: 
a8) 


NADH 


Vitamins, Reducing agents 


Ascorbic acid 
p-Aminobenzoic acid 


d-Biotin 


Calciferol 

Calcium pantothenate 
Choline chloride 

Folic acid 

Glutathione (reduced) 
i-Inositol 

Menadione 

Niacin (Nicotinic acid) 
Niacinamide 
Pyridoxal: HCl 
Pyridoxal-5-phosphate 
Pyridoxine: HCl 
Riboflavin 
Thiamine: HCl 
a-Tocopherol phosphate 


Vitamin A 


Vitamin B 


see Carb. 
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Carbohydrates, Sugars, Sugar alcohols, Phosphorylated Sugars, 
Osmoregulators (mg/liter) 


Choline chloride Pe ae 
Erythrose 
Fructose 3,000 


Fructose-6-phosphate 


Glucose 9,000 


Glucose-6-phosphate | 
Glycerol 


Glycerol-3-phosphate 
i-Inositol 
Maltose [ even 
Mannitol | ct 
Sodium glucuronate a 
laa 

! 


Sorbitol 


Sucrose 50,000+? 
Trehalose 2,000 
xylose ctaies. | 


Organic acids (mg/liter) 





Acetic acid, potassium 100 


cea 
Funaric acid Sail al 
a-Ketoglutaric acid ec. 
Malic acid Seen iel emma 
Mevalonic acid Ss 
Oxalacetic acid 100 aa || 
oxalic acid a 
pyruvic acid eS 
Shikimic acid i Sa 
succinic acid ee eee 
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Lipids (mg/liter) 


Feldlaufer Sterols lao. ae 
Campesterol 
E 







Cholesterol 


i 1 
Beeiceacidus sively | isco 
Palmitic acid 


DL-a- see Carb. 
Glycerophosphate: 6H,0 


Phosphatidic acid 
Phosphatidylcholine 3 


Phosphatidylcholine, 
di-oleoyl 


Phosphatidylcholine, 
di-palmitoyl 
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Proteins (mg/liter) 


Bovine serum albumin, 15,000 
efaf 


Undefined components (mg/liter) 


Brain extract (ml1/1) ‘aa 
Brain heart infusion mera 


(m1/1) 
[Lactalbumin hydrolysate | 
Presets 
[Yeast extract (mi/1) | 
Other components (mg/liter) 
[N-acetyl-D-Glucosamine | 
[Polyvinylpyrolliaone x90 | 
| 10%u/m 


Phenol red (0.18) (mi/1) | 20 | 
a | 
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Table 24. Complex media used in MLO cultivation trials. 





200 ml Schneider's Drosophila Medium 

20 ml Medium 199 

10 ml CMRL 1066 

60 ml Fetal bovine serum (Hyclone) 

180 ml Histidine buffer (pH 6.2; = 2.15 g histidine) 
PH = 6.35 


BEM1 (from B. Kirkpatrick) 
BEM2 (from B. Kirkpatrick) 


45 mM Glycine 

45 mM HEPES (pH 7.8, 0.5 M) 
4.5 mM MgCl, 
9% Sucrose 
1% Bovine serum albumin 
0.03 M Ascorbic acid 

pH 7.3 (adjusted with KOH) 


Blood - Blood agar plates. 
BM6 - B. Sears basal extraction medium, unpublished. 


C-3G (Modified) 


17 g Mycoplasma Broth Base (BBL) 
911. g" Sucrose 

10 $ Fetal bovine serum (Hyclone) 
11 ml Penicillin-G (705 mg) 

6 ml Phenol red (0.5%, w/v) 


Q 
w 
K 


92 ml Chang Medium 
5 ml Pig brain extract (Kirkpatrick) 
3 ml Yeast extract (Kuske) 


Chang - This medium is proprietary until published. 
DCCM - see Table 1. 

DMCMH Medium 

parts DCCM Medium 

part M1D Medium 

parts Chang Medium 


part H-2 Medium 
parts H-1 Medium 
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Gly-Mg 


0.3 M Glycine 
0.03 M MgCl,- 6H,0 
pH 7.3 
mOsmol 915 (adjusted with Sucrose) 


Luria - Luria plates. 

M1D - see Table 1. 

M1D-SO, - M1D & 0.01 M Na,SO, 
MEMEK1 Medium 


50 ml DCCM Medium 
1 mM EDTA, disodium 
30 mM MOPS 
4 mM L-Cysteine 
0.3% Polyvinylpyrollidone 
0.5 ml Spermine 
0.05 Glycine 
0.01 MgCl, 
0.5% Bovine serum albumin 
10 mM L-Glutamine 
7g Sucrose 
11 ml 1N KOH 
50 ml Distilled water 
DH 7.1 
mOsmol 915 


Milk - Milk agar plates. 
MIMEK1 Medium 


50 ml DCCM Medium 

0.5 ml Spermine 

5 mM L-Glutamine 

5 mM L-Arginine 
.2% Bovine serum albumin (Hyclone) 
-5 mM MgCl, 
-8 g Sucrose 

3) mieZ2N KOH 
ml Distilled water 
pH 7.2 
mOsmol 935 


0 
2 
6 
0. 
a 
MIMEK1P Medium - MIMEK1 & Penicillin-G 


Pi - see Table 2. 
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Percoll - Chen's isolation media with 40-100% Percoll. 
PL-1 - see Table 2. 


ss 


PL-2 - 2x PL-1 
PL-2A - PL-2 plates. 
R-1 Medium - This Pasteuria medium is proprietary until published. 
SerFree (Serum Free Media) 
Serum Free Base: 
865 ml Distilled water 
20 g Mycoplasma Broth Base (BBL) 
100 ml Yeast extract (25%) 
5 ml L-Arginine’HCl (42%) 
10 ml Glucose (50%) . 
600 mg Penicillin-G (= 1000 U/ml final) 
120 mg Polymyxin B (= 1000 U/ml final) 
20 ml Phenol red (0.1%) 
PH 7.4 
mOsmol 330 
SerFreeo: 
1000 ml Serum Free Base 
SerFreel1: 


1000 ml Serum Free Base 
0.1 ml Tween 80 


SerFree2: 


1000 ml Serum Free Base 
0.2 ml Tween 80 


SerFree4: 


1000 ml Serum Free Base 
0.4 ml Tween 80 
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SerFrac (Serum Fraction Medium 


900 ml Distilled water 

21 g Mycoplasma Broth Base (BBL) 
100 ml Yeast extract (25%) 

10 ml Serum Fraction (Difco) 

5 ml L-Arginine’ HCl (42%) 

10 ml Glucose (50%) 
600 mg Penicillin-G (= 1000 U/ml final) 
120 mg Polymyxin B 

20 ml Phenol red (0.1%) 
pH 7.4 
mOsmol 320 


Tex2M = Excel400 - D. Lynn medium for Tex2 cell line (proprietary). 
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GENERAL DISCUSSION 


The diverse approaches utilized in our studies underscore the many ways 
that advances in seemingly unrelated scientific areas reinforce and 
augment one another. Detailed consideration of the problems in 
cultivating MLOs makes it clear that a general understanding of 
microbial, and particularly mollicute, physiology will probably be 


necessary if we are to eventually succeed in cultivating these agents. 


It is true that in the past seemingly impenetrable barriers to 


cultivation of fastidious spiroplasmas have been relatively easily 





breached, as in the case of Spiroplasma kunkelii (Chen and Liao, 1975; 


Williamson and Whitcomb, 1975), S. mirum (Tully et al., 1977), the 





Colorado potato beetle spiroplasma (Hackett and Lynn, 1985), and the 
Drosophila sex ratio organism (Hackett et al., 1987). In the case of 
‘MLOs, although the results presented herein are promising, none of the 


special procedures that succeeded for the fastidious spiroplasmas, 





including use of co-cultivation systems and/or anaerobiosis, were 


successful with MLOs. 


such a case, advances made in basic understanding of mollicute 
physiology are of special importance. The expertise of D. Pollack was 
of prime importance in developing a vastly improved picture of 
intermediate metabolism of the plant phloem/leafhopper-inhabiting 
Spiroplasmas. An understanding of the enzymatic pathways universally 


Present in this taxon, together with work done previously by Pollack's 
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group On acholeplasmas and mycoplasmas, should lead to vastly improved 


culture media and cultural conditions for fastidious mollicutes. In 





‘Appendix 2, we have given in detail the rationale used in developing the 


generations of MLO media that are in use today. 


Many of the results reported herein have considerable value, even in the 
absence of MLO cultivation. The development of gene probes, and 
monoclonal and polyclonal antisera to MLOs, now gives scientists the 
means to identify MLOs in diseased tissue, and to monitor MLO presence 
in experiments. Indeed, both systems were used to monitor the MLO 


cultivation trials reported herein. 


Demonstrating again the cross-fertilization of research efforts, work on 
MLO nucleic acids performed in other laboratories during the tenure of 
this grant (Lim and Sears, 1989; Sears et al., 1990; Kirkpatrick et al., 
1990;) gave impetus and direction to our cultivation trials. These 
workers showed that MLOs could be placed in the Acholeplasma- 
Anaeroplasma clade in mollicute phylogenetic classifications. This 
revelation, of great philosophic interest to microbiologists in general 
(Woese, 1987), is of the utmost practical significance to agricultural 
scientists. Now that we know which microbial groups are the closest 


relatives of MLOs, we have substantial clues as to which sets of 


physiologies to explore most intensively. 


The interfaces described here have already led to the establishment of 


new collaborations and new working teams on MLOs. Under the auspices of 
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the International Research Program on Comparative Mycoplasmology of the 
International Organization for Mycoplasmology, a concerted effort is now 
ping made to coordinate the comparative studies of mollicutes from 
around the world. The immense assemblage of disease conditions (McCoy 
et. al., 1989) throughout the world demands that the effort be 
intensified and focused on the vital issues concerning these organisms. 
Cultivation of the organisms would bring these studies to a new, higher 


phase of research in which laboratory understanding could be brought to 


bar in the field to achieve disease management. 
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COOPERATION 


Cooperative ties in this project were extensive. The entire 
research team assembled at the.1988 Vienna and 1990 Istanbul meetings of 
the International Organization of Mycoplasmology. At these meetings, 
ongoing research was discussed, and many valuable suggestions were 
exchanged. Cooperation among the United States collaborators was 
especially intense. Research materials were routinely shipped among the 
collaborators, or, in the case of Beltsville and Rutgers, hand-carried 
from one laboratory to the other. Collaborative ties extended to 
several groups not formally included in the grant. Three laboratories 
in particular, the plant pathology laboratories at Davis, California 

(Dr. B. C. Kirkpatrick, UC-Davis, and Dr. D. Golino, ARS) and Michigan 
State University (Dr. B. Sears), the microbial physiology laboratory of 
Dr. D. Pollack, Ohio State University, Columbus, and the vector 
laboratory of L. N. Chiykowski, Canada Agriculture, Ottawa, made major 
collaborative contributions to the quality and quantity of work reported 
herein. Research on the Western X-disease MLO was done entirely at 
Davis by Dr. Hackett and Dr. Kirkpatrick. Dr. Chang prepared special 
media and made them available for the Davis experiments, and for 
cultivation trials conducted at Georgia. B. Sears has recently become 
integrally involved in experiments, providing additional expertise in 
gene probe detection, and high quality MLO inoculum through plant leaf 
tip cultures. The final series of cultivation experiments performed at 
Beltsville were monitored by NJAY-MLO ELISA tests performed at Rutgers 
University. Finally, the continuing Collaboration of D.9 is Lynn 
(Beltsville) was vitally important in providing insect cell cultures. 
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MAIN ACHIEVEMENTS 


Studies on MLOs resulted in major advances in detection and 
cultivation protocols: 


1. Monoclonal antibodies were produced against several additional MLOs, 
the agents of Eastern X-disease, and the maize bushy stunt, Paulownia 
witches broom, Flavescence dorée, ash yellows, and elm yellows MLOs. 


2. Polyclonal antibodies were produced, by two widely different 
\strategies, to the the NJAY- and WWB-MLOs. 


Er Gene probes were developed to walnut witches! broom and NJAY MLOs. 


4, Cultivation technologies developed for MLO cultivation enabled 
limited cultivation of a fastidious, previously uncultivable nematode 
pathogen, and could lead eventually to commercial production of 
a biocontrol agent. 


| Sa An early growth flush of MLOs in cell-free media was demonstrated, 
giving hope to eventual prospects of continuous cultivation. Factors 
involved in maintaining membrane stability were identified as important. 


Studies on the physiology of another group of plant/insect 
mollicutes (spiroplasmas) led to vastly improved insight into their 
adaptive strategies. 





Chapters in Volume V of The Mycoplasmas on mollicute detection, 
mollicute physiology, the corn stunt pathogen, and a detailed listing of 
|MLO occurrences were prepared. 
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Appendix 1. Effect of Additives on MLO Growth (Medium to Base Future Media On 
Harmful or Unknown 772 
parcneen | Ga the'sks ee 4 rewallt of plant metaboliss 


mOsm >500 (try various) Inorganic ions (PL3) Serum & Yeast Extract 7??? 
Sears; Hackett 


Sucrose >50g (MIMEK1; PL3-5) Buffer (PL-1M) High Tryptone ??? (Hackett) 


Choline chloride >55mg Cofactors (PL-3) 
(MIMEK1) 

Amino acids >16g (PL3, but Vitamins (PL-3) 
consult H-1M for balance) 


BSA (PL3) Reducing agents (PL-3) 
Polyamines >20mg (PL3) Phytone (PL3-2) 


Glycerol >110mg pies 
(MIMEK1; PL3-5) 


















Glucose/Fructose 
(MIMEK1; PL3-5) 


| sugar phosphates (PLa-s) | 
[Erythrose/Trehalose (eus-s) | 
Pesesnpe @lubawine arli asparseine vere sun 
Pasa | 
less oxalic acid? 
a 
_ jor (je 
| 
i. 2a i ET a 
[wycoptaena broth base (mio) | 


Note: Conclusions about components in boldface script are more certain than ones in normal script. 
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APPENDIX 2. RATIONALE FOR PHLOEM-BASED MEDIA 


This series of media utilized the "Golden Elixir Approach," 
in which a defined base medium was produced and undefined 
components were added to it. The basic approach in medium 
formulation in this series involved mimicking sap. A 
modification of this approach involved the use of components that 
might be taken up more readily than the analogs present in the 
phloem. It was considered possible that compounds present in low 
concentrations might be the most important. Such components are 
present in sufficient concentration for MLOS because they are 
present at low levels in the sap as a result of plant metabolism. 
An example of this approach involved supplementation with 
erythrose, a readily translocated primer, rather than amino acids 
that derive biosynthetically from erythrose. In general, sugars 
(erythrose, fructose, glucose-6-phosphate, ribose), because thay 
are more easily transported, could possibly be more efficacious 
than amino acids such as phenylalanine, tryptophan, or tyrosine. 


In any event, experience with A. laidlawii suggests that 
glutamine and asparagine are extremely important nutrients. 
These nutrients can, in some metabolisms, yield NH,, which might 
then be fixed via the carbamoyl phosphate pathway. 


SPECIFIC MEDIUM COMPONENTS 


Amino Acids 


All amino acids were supplied at a level of at least 5 mg/100 ml. 
In many cases glutamine and asparagine were supplied in a separate 
fraction. : 


Suggested 
Concn. 
Component (mg/100m1) Notes 


L-Alanine 25 Product of photosynthesis; formed from 
pyruvate; high in oats and barley 


Arginine 5 Often low in sap, but moderate in 
oats and barley; may not be important 
natural metabolite, but S. citri and 
Ss. kunkelii utilize this compound for 
energy 


Asparagine 50 High in apple sap; with glutamine, 
totals 75% of N; moderate 
concentrations in oats and barley; 
direct transfer from xylem; can replace 
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Aspartic acid 





Cysteine 


Glutamic acid 


Glutamine 


Yi 





} 
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Glycine 


Histidine 


Hydroxyproline 








Isoleucine 


m5 


20 


50 


25 


52 


(17 mg/100ml) yeastolate for 
Spiroplasma citri, and is essential for 
Spiroplasma melliferum 


Moderate concentration in apple sap; 
dominant in corn sap; moderate in oats 

and barley; can be used to form 

AMP from IMP; D. Pollack has suggested 
that high aspartate in sap may explain low 
level of IMP there; a basic building block 
in the synthesis of asparagine, 
methionine, threonine, isoleucine, or 
lysine; because it is highly acidic, it 
must be preneutralized or the entire amino 
acid fraction must be neutralized 


Rare or absent in plant sap, 

but may be rare because it is so essential 
that it is constantly consumed. Thus, it 
may be very important. Formed from serine; 
possibly essential for Spiroplasma 
melliferum. In contrast to phloem, it is 
abundant in xylem 


Occurs in moderate concentration in 

apple and other saps; high in oats and 
barley; dominates in corn; a product of 
photosynthesis, it is a basic building 
block of glutamine, proline, and arginine. 


High in apple and other saps, e.g., 

corn; required by Spiroplasma melliferum; 
may act as a glutamate(-) donor to hold 
H(+) ions during K(+) influx during 
osmoregulation; may also be a direct 
source of ATP (Glm + Mg + ADP = Glu + 
ATP); directly transferred from xylem 


Low in oats, barley, and other saps; 
formed from serine; nevertheless, it is a 
major requirement for certain L-phase 
variants 


Moderate concentrations in saps, including 
apple, but low in oats and barley 


Not reported from sap 


Abundant in apple and other saps; may not 
be taken up readily 
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Lysine 
Methionine 


Phenylalanine 


Proline 


| Serine 


Threonine 


| Tryptophan 


Tyrosine 


| Valine 


38 


fia) 


150 


B06 


60 


Low in many saps, but high in oats and 
barley; formed from aspartate 


Very low (e.g., oats and barley) or absent 
in saps; formed from aspartate 


Moderate concentrations in some saps, 

but low in apple sap; a product of lignin 
digestion; a building block for tyrosine; 
some mycoplasmas and acholeplasmas are 
able to synthesize this amino acid; 
however, it may not be transported 


Low in plant saps; formed from glutamate; 
gram-positive bacteria import this amino 
acid to regulate osmolarity, or, in some 
cases, synthesize it from glutamate; this 
amino acid is not readily taken up; high 
in insects; insect parasites often utilize 


Very high in saps, including poaceous 
crops such as corn, oats and barley; one 
of the first products of photosynthesis, 
it is a basic building block for cysteine 
and glycine 


Occurs in moderate concentration in saps, 
including apple; a building block for 
isoleucine; transferred directly from 
xylem 


Although there is a low content in apple 
and grain saps, trytophan is absent in 
most saps; a product of lignin digestion; 
interaction with light may produce toxic 
compounds; uptake of this amino acid may 
be poor 


Low in all saps, including apple, oats and 
barley; a product of lignin digestion; 
light intermediated reactions may produce 
toxic compounds; taken up poorly 


Occurs in moderate concentrations in apple 
and other saps; direct transfer from xylem 


| Neen nnn nei a le mt an oh, a me. Mie. ola lee mane 


608 


| Concentrations in the phloem are usually in the 1,000 mg range, although 
| Some may be as high as 42,000 mg. Some important values are 520 (Ricinus), 
13,000 (Vigna), and 10,000 (cucurbits). Phloem sap 1s also abundant in 

| metabolic precursors of amino acids, e.g., glutamate, aspartate, serine, 
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and in the subprecursors phenylalanine and threonine. It is also high in 
the 3 amino acids formed from pyruvate, i.e., alanine, valine, and leucine, 
and moderate in histidine (which is formed from ribose-5-phosphate). 


puffers 


Buffers are important in optimizing yields of mollicutes. HEPES seems to 
supply stronger buffering capacity than NaaH,P0,/NA2HP04, KH,P0,/Na0H, or 
Tris-HCl. Spiroplasma yields are generally, but not always *nigher in the 
HEPES buffer; however, it is not known whether the growth curves are 
steeper in non-HEPES buffered media. Concentration of buffer is important; 
higher or lower concentrations are inhibitory. 


Component mg/100ml Notes 


| HEPES 1500 Buffers media from effects of acid 
production; inhibits protective 
effect of Mn++/bicarbonate 


| NAHCO3 10 Should be furnished as a separate 

| fraction as a primer; terrestrial 
animals are high, aquatic animals are 
low in bicarbonate; with Mn++, 
protects Lactobacillus from peroxide; 
inhibited by HEPES, inorganic 
phosphate, PPi; stimulated by amino 
acids 

Cofactors 


|Cofactors are nonessential for S. melliferum and S. floricola if nicotinic 
|acid and riboflavin are provided. In these variations, quantities similar 
| to those used in previous defined media, e.g., H-1 were chosen. 


| Components mg/100ml Notes 





| Cocarboxylase 0.45 Coenzyme for aldehyde transfer, 
decarboxylation of keto acids and 
formation or degradation of ketols 


| Coenzyme A 0545 Carrier of acyl groups, e.g., in 
| fatty acid oxidation, synthesis 

| FAD 0.45 Electron transfer 

NADH 0.45 Electron transfer; not toxic; not 


transported by acholeplasmas; a necessary 
component for the strain of Mycoplasma 
fermentens 
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NADPH 0.45 Lipid biosynthesis and electron 
transfer; probably not toxic; not 
transported by acholeplasmas 


Emulsifiers and stabilizers 





component mg/100 ml Notes 

Bovine serum albumin 1200 1200 mg/100ml in H-1 spiroplasma 
medium 

Coconut milk (see undefined) Protects plant membranes from 
phospholipases 

Polyamines (see polyamines) 

Serum (See redox) Provides lipids; functions in lipid 
transport 

Tween 40 (palmitate) 0.01ml 0.1 mi/l in#¢G494 and LDs2 

Tween 80 (oleate) * 0.04ml1 0.04% recommended for A. florum; 


0.01 ml/100ml in CC494, H-1, 
LD82 spiroplasma media 


| Classical acholeplasmas and A. axanthum use 0.01% [0.01 m1/100 ml] Tween 80 
| (Sigma). A. florum requires 0.04% Tween 80 (with 0.5% albumin). 

| 0.18 Tween 80 is toxic to most acholeplasmas, but some strains can tolerate 
|}up to 0.06%. Oleic acid could not substitute for Tween 80. Some 

| sterol-requiring strains are sensitive to fatty acids. 


| Hormones 


| Any culture attempt using a plant rationale must take hormones into 
account. Although it is unlikely that MLOs utilize hormones per se, they 
may utilize certain metabolites (e.g., tryptophan, acetate, isopentenyl 
PPi, adenine, geranylgeranyl PPi) that are needed by plants to make 
hormones or other products (cholesterol or carotenoids). In either case, 

} plant hormone precursor depletion would likely occur. Ruminal 

| Lactobaccilus spp. that are pneumotoxic produce 3-methylindole from IAA, 

| aerobically. Some Clostridia, Pseudomonas and Rhizobium species also 

| metabolize hormones or their metabolites. Tween 80 is removed from the 
tedium when testing IAA metabolism. Pyruvate acts as a Schiff base 
Cofactor (rather than biotin, etc.). Some important intermediates are: 
tryptophan -> auxin; acetate -> isopentenyl PP1 -> geranyl PPi “re 
cholesterol -> alkaloids; geranyl PPi -> geranylgeranyl PP1 > gibberillin; 
| Jeranylgeranyl PPi -> carotenoids; acetate -> isopentenyl PPi + adenine -> 
| cytokinins 


: Component Notes 
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Absciscic acid 


Auxin 


cytokinin 


Giberellin 


Inorganics 


| Suggested Medium Additives 


| Major 


| Bo, 











10°* mg/100ml in Ricinus sap 


Plant cell culture media have 107” to 101° M 
indole-3-acetic acid, indole-3-butyric acid or 
a-napthaleneacetic acid; 11 x 10% mg/100ml in 
Ricinus sap; 0.02% IAA used for ruminal 
lactobacilli 


Plant cell culture media has 10°’ to 10° M 
benzyladenine or N6-isopentenyladenine; 
11 x 10% mg/100ml in Ricinus sp. 


Prepared fresh for plant cell culture media at 
LOMaton0s Mers2ex 0 temg/toomh inéRicinus sap 








Component mg/100ml K+ Na+ Mg++ Ca++ Cl- P0O4= S04= 
KC1* 120. 63 57 
NaCl ** 2 i 1 
KH,PO, * * * 100 28 70 
NgSO,.7H,O**** 36 B 15 
CaCl,.2H,O***** if 0.13 0.4 
Trace 
Component maypoomiignt++ Mnt+toFet+)Cut+ Cott Mo++ B 
ZnSO, . 7H,0 0.8 Oz 2 
| WnSO, .H,0 0.15 0.05 
| FeSO, . 7H,0 0.7 0.14 
CuCl. 2H,0 Os 1 0.04 
CoCl2.6H,0 0.002 0.0005 
Na,Moo, .2H,0 0.002 0.001 
0.005 0.001 


jj. ee any Geverminea yy Ssning, weet) 
* Inhibitory to A. laidlawii and Mycoplasma mycoides at >300-440 mg/100 ml 
in some studies, but in other studies M. gallisepticum and Acholeplasma 


| laidlawii grew at concentrations >1040 mg. 
| Without inhibitory effects for spiroplasmas. 


** Inhibitory to spiroplasmas; may interfere with glycolysis. 


Can be as high as 370 mg/100ml 


Provided as 


trace contaminants of other components. 


**k Essential for certain spiroplasmas. 


Growth throughout range of 1-100 


ig/100ml tested, with a tentative optimal at 7-34 mg. 
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seek 300 mg/100m1 is inhibitory to molllicutes. 185 mg/100ml in M1D is 
needed for Spiroplasmas. Can be supplied as Mg oxide (artificial 
seawater); Can assist in anionic adjustment if SO4= is too high. 


##k** 64 mg/100ml is inhibitory to spiroplasmas. Not required for 
spiroplasmas. 


Ion Importance 


Cat+ - membrane stability; exclusion important for sieve element formation; 
not required by plant spiroplasmas; may regulate virulence genes 


Cl- - second largest anion in sap 


Fett - required for catalase (but this enzyme is lacking in clostridia and 
mollicutes; may be required by NAD dehydrogenase in A. laidlawii 


| Cott - endo- and exonuclease poison; value unclear 


Cutt - needed by NAD dehydrogenase (see Fe++) 


| Kt - osmoregulation; ATP pump; principal cation in phloem; important; can 


be supplemented by adding K, or KH,PO, to avoid problems with Cl- 


| Mg++ - membrane stability; required by some spiroplasmas 


int+ - with bicarbonate, disproportionates H,0,; may protect cells in 


| absence of catalase (e.g. Lactobacillus); greatly augmented by presence of 


amino acids; inhibited by HEPES, inorganic phosphate, PPi 


| Nat - antiporter may need (Na+/H+) in Acholeplasma laidlawii; may be 
| relatively unimportant or inhibitory 


P04= - when supplied as monobasic salt, causes less divalent cation 
precipitation; predominant anion in sap, involved in many energy pathways 


|} S04= - sulfur is usually present in organic form in sap 


| Znt++ - endo- and exonuclease poison; value unclear 


| Since metals are usually determined by ashing, the amounts may be 


misleading; in nature, they are probably mostly bound to organic compounds. 


lipids and Membranes 


| Except in cucurbits, lipid scarcity is the rule in phloem. Theoretically, 


mollicute media should contain free sterol, free fatty acids, and 
ready-made phospholipids. Most of these components are present in balanced 
Proportions in serum; 20% FCS or HS will satisfy most needs. The question 
is whether MLOs, with their particular phylogenetic history, will prove to 
be typical mollicutes. One possible failure of MLOs to grow in 
conventional media is that the lipids supplied may be too rich or 


3:5 







































1 28f .eetuolilitow of Siditint et Smad 4" 
xO pM es beilgave edn ne .zecaslgoe. 
02 Jf tnomseuthbs olmoins mi teks 7, 


ttupst tech .eswaniqoeziqe oF ysotididai ak 


ot Jnattoast noLagloxe yah tteede 
v atsiupe: ysu ;asmesnige or tgm) joel ye 
ar 4 


qse ni noins taepisl 

oer) * 

ald? gud) sesleteo s0% 6 
‘deb GAM yd bexrtuped 


ou eulsy ,noelog eeselounoxs. 
2 si 
(+482 #68) sasnepothyied CAM * 


SII it6o lsaqionixg «anmuq ITA + ots 6 L 
di Stove oF ,O¢ HA 26 4 pnibbs : be 


be 
¢ 


qouiqe emoa yd bextupes 2 Lidsde | ” 


ay 
‘me t , ion + + Veo -+  W » + @ ej . “~y b > d ae 
pei id > ud I.3 | Vm - (eV. 895 Ssnmor? 4 rez ,2 sna P - 

? misao inompuns yitesxt ; (auliiosdojos. .p.e@) 928 Bo 


bq», J iqaoiic oi diesen: 2394 yd beste 


ed yea ;ilwsiblel smasica GdoA ai (+H\+s) I yaa 


yiogvididal x ogi 


‘> Jnsiavib assi esevsen ,tise ofesdonom es Bbebic 


< tL 

; eb 

2 osu ot beviovnt ,qse at notns sosqlaoiesar 
“at 


nt mtot oinepio nt tnsaetq yf —— 


16slony sulev jaoetog pase louna : fae 


oo Ysa elnvoms eis ,pridesn yd ponimiasdab \ifeves 
-ehrvegmos Olnspro oF bavod yiseon vVidedorg e116  YaneS: a8 


\\YilsotsetosdT .mecliq al efwa ef? ak igthocqut 

bus ebios ys7e2 se1k ,loxese aex? 

heonoled ai Inseetq e16 alnenogmon sagt puis 

c tse eup ed? .ebeen Jeom waslgan Lid 
od svorg lilw ,yroveid sks rae 

ti wotp o?} @OIM 76 


so fola oor od = 
“ 


im 
7 


Ca 





7 Aa - =*34 ran 
wi AYE 








inhibitory for other reasons. One possible approach would be to supply 
unsaturated fatty acids, but at proportions no more than 5 ug/ml (0.53%). 
cocktails are dangerous because of toxicity; even with nonfastidious 
acholeplasmas, replacement of the serum component by albumin and lipids can 
|present problems. A balanced additive would be: (1) 10 ug/ml oleate, 

10 ug/ml palmitate; (2) 10-20 ug/ml sitosterol, spinasterol or cholesterol; 
| (3) phospholipid mixture of sphingomyelin and phosphaticycholine; and (4) a 
detoxifying agent such as 1-2% albumin. 


Previous work (Kahane and Razin, 1977) is of some guidance, at least for 
conventional mollicutes. The percentage of cholesterol taken up by 

M. hominis exceeded that of phosphatidylcholine by a factor of 3-5; 
}acholeplasma did not take up phosphatidylcholine; M. hominis took up 3x as 
much cholesterol as acholeplasmas; dispersions with high cholesterol to 
dipalmitoyl phosphatidylcholine ratios were better cholesterol donors; 
mycoplasmas cannot hydrolyze cholesteryl esters; cholesterol was required 

|} at concentrations of at least 5 ug/ml, but 30 ug/ml was inhibitory to 

|M. hominis. The optimal concentration was about 15 ug/ml. There are 
alternative strategies for supplying lipids. It may be desirable to supply 
|} sterols in an aggregated form, e.g., by attaching them to starch (the basis 
| for Dubois' oleic acid medium for Mycobacterium), or by use of liposomes, 
to decrease the toxicity of lipids. 


Many media contain albumin. There are some problems with supplying this 
material, since it is undefined, and because proteases may cleave it in the 
|medium. In defined fractions, it might be desirable to use PVP (in part 
for supplying fatty acids, but also as an osmotic agent). 


|Alternative lipids or lipid sources may be advantageous. Some of the 

| possibilities include: (i) aster lipids; (ii) defined lipids or lipid 
precursors in conjunction with aster lipids; (iii) Celex can replace serum 
| for Spiroplasma citri; if this could be used in MLO media, it might provide 
an additional strategy for reducing the sodium content of media. 


| Fatty acids 


In phloem, free fatty acids are 1.2-5.2% of lipid fraction, which itself is 
0.13-0.54% of dry weight. Concentrations of free fatty acids should be 

| kept at less than 10-15 ug/ml. Short chain length and unsaturation enhance 
lthe fluidity of fatty acids and their derivatives; for example, there is a 
16.5 C lower melting temperature for palmitic acid (C16) than for stearic 
|acid (C18) (69.6 C). It is possible that high levels of unsaturated fatty 
lacids or carotenoids (from plants) in MLO membranes may cause them to be 

} sensitive to high temperatures. 


| Component mg/100m1 Notes 
ee 
| Acetate Acholeplasmas synthesize lipids 

from acetate; compared to cholesterol, 
carotenoids produced from acetate cause 
low proton leakiness 
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Caprylic acid Present in sap 


Linoleic acid Oo Present in sap; apparently required by 
some spiroplasmas 

Linolenic acid Present in sap 

Oleic acid 0.5 10-15 mg/l in CC494, LD82, H-1 spiroplasma 


media; required by S. citri; high 
oleate/palmitate ratio increases adenylate 
charge 


Palmitic acid 0.5 10-15 mg/l in CC494, LD82, H-1 
S. citri does not require this fatty acid, 
but it does promote growth; Acholeplasma 
laidlawii incorporates this fatty acid at 
37C, but can synthesize it also; 10 ug/ml 
stimulates growth of M. gallisepticum 


Triolein O:2 Possibly may serve to supply requirements 
Sterols and derivatives 


AY-MLO membranes may be very fluid. If so, the fluidity could be due to 
incorporation of high amounts of unsaturated fatty acids from plants, 
plasma membranes (cf. tonoplast) have more saturated fatty acids and 
sterols than unsaturated fatty acids. Many physiological factors are 
affected by fatty acid amounts and relative compositions. For example, 
adenylate charge across membranes increase as oleate/palmitate ratio 
increase. If sterols are to be added to media, there is a wide choice of 
sterol species to select from. Sterols are specifically supplemented in 
several spiroplasma media. Concentrations of sterols have ranged from 0-20 
mg/l in CC494, LD82, and H-1 spiroplasma media. 


Component Notes 





Bile Salts Though bile salts are harmful 
to many microbes, microbes are found in guts 
where bile salts occur. They enhance lipid 
solubility, but are destructive to many 
biological membranes. They are utilized by 
some clostridia, indicating possible linkages 
of these mollicute ancestors with sterol 
pathways. They require NAD as a coenzyme, and 
a pH of 6 - 7.5 as a substrate for C. innocuun. 


Steryl esters 

Steryl esters may be found in high levels in plants. For example,, in apple 
sap, steryl esters (5 mg/100ml), together with sitosterol, were the major 
lipids. Although Smith (1954) felt steryl esters could substitute for 
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for sterols, the evidence is ambiguous. 


component mg/100m1 
Cholesteryl laurate 63 
Cholesteryl acetate/ 0 


oleate/stearate/palmitate 


Cholesteryl linoleate 


Free sterols 


Notes 


0.01 mg/ml may serve as a substitute 
for cholesterol for some mollicutes 


Cannot substitute for cholesterol 


With protein, can penetrate 
membranes 


$terols can be prepared from plant sources. In one experiment, 
15 g aster (live weight) yielded 11 mg crude total sterols 


(M. Feldlaufer, unpublished data). 


campesterol 0205 
“Chlorophyll Orel 


Cholesterol -0- 
“Sitosterol 0.6 


-Spinasterol 1.0 


Stigmasterol 0.3 


Phospholipids and precursors 


Biosynthesis 


Comprised 10% of rye sterols 


Stabilizes highly unsaturated 
membranes 


Supplied by cholesteryl laurate; 
stigmasterol or ergosterol cannot 
replace for S. citri; very small an 
some plant species; enhances ATPase 
function at lower temperatures. 


50% of rye sterols; apple sap has 
0.04 mg/100ml1; S. melliferum can use 
this sterol to replace cholesterol; 
may be supplied as sitosteryl acetate 


Sigma) 


Aster lipids are 83% spinasterol; 

a delta-7-sterol; 42% of alfalfa 
sterols (M. Feldlaufer, unpublished 
results) 


25% of rye sterols 


Phospholipids and precursors are biosynthesized in most organisms: 


Choline ---> phosphorylcholine --~-> phosphatidylcholine 


(a salvage pathway) 
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glycerol + serine + fatty acid ---> phosphatidylserine 
+ ethanolamine ---> phosphatidylethanolamine 


glycerol + ethanolamine + fatty acids ---> phosphatidylethanolamine 
+ methionine ---> phosphatidylcholine 


component mg/100m1 Notes 





Choline chloride Not associated with coenzymes; 
(see sugars/osmoregulation) building block of phosphoglycerides; 
synthesized by S. floricola 


Glycerol (see sugars) Precursor for phospholipids 
Ethanolamine Precursor for phospholipids 
myo-inositol (see sugars) Not associated with coenzymes; 


building block of phosphoglycerides 


|Methionine (see amino acids) Precursor for phospholipids 
Phosphatidic acid Opugs Required by SS.) citri 
Phosphatidylcholine 0.5 Present in sap and plasma membrane 


of plants; resembles sphingomyelin; 
needed by phloem spiroplasmas, 
butenotessafloricola 


Di-oleoyl P-choline 0.1 Needed by S. kunkelii 
Di-palmitoyl P-choline 0.1 Needed by S. kunkelii 
P-tidylethanolamine 0.2 Can replace dipalmitoyl 


phosphatidylcholine and dioleoyl 
phosphatidylcholine for S. citri, 
not for S. kunkelii 


Phosphoglycerate 0.1 Present in sap; although it could 
be important for microbial growth, 
theresa soilLittlel datatoniats 


transport 
Phosphorylethanolamine 0.2 Present in sap and plasma membrane 
Sphingomyelin Promotes growth of S. mirum 








Carotenoids 


These components are of special interest since MLOs are now known to have 


been derived from the acholeplasma lineage, which are associated with 


Carotenoids. Biosynthetic pathways are: 
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acetate ---> mevalonate ---> isopentenyl PPi ---> 


geranylgeranyl PPi ---> carotenoids (light protection) 

component mg/100ml Notes 

Acetate (See organic acids) 

Acetoacetate Could possibly be used to 
replace early steps in 
biosynthesis 

Mevalonate Can substitute for acetate in 
acholeplasmas 


| sugar Containing Components 


The possible importance of components such as sphingosine, mannose, or 
|sialic acids is unclear. 


| Nucleic acids 
Component mg/100m1 Notes 


DNA On5 Whole DNA is often used in media; 
it occurs atapo. 5 img /miUeinep lant fsap; 
possible sources include salmon sperm, aster, 
or acholeplasmas 


| RNA OF 15 In plant sap RNA occurs at 0.16 mg/100m1l) ; 
mycoplasmas have an exo-ds-RNAase 


|Nucleic acid precursors 


| Although some plants have very unusual nucleosides or bases, 
|(e.g., vicin in Vicia spp.), it is unlikely that the unusual 
| bases would be required for MLOS such as AY, which are generalists. 


| Supplements of 50 mg/l of any base or nucleoside supply all required NAPs 

| for many spiroplasmas (but not for S. melliferum), probably because of 

| impurities in the reagents. But, inclusion of all RNA bases or nucleosides 
| improved growth of all spiroplasmas tested. Nucleotide supplements were 

| required for growth of Mycoplasma fermentans. 


Nucleosides are transported better than nucleotides. Although nucleotides 
|May not be transported by mollicutes, there are exceptions. High 
concentrations of nucleotides could exert a toxic influence by altering 
phosphorus metabolism. Although mycoplasma broth bases and yeast extracts 
have plenty of bases, they are low in nucleosides, so it may be necessary 
to add these compounds to the elixir formulation. In general, experience 
suggested that a desirable ratio would be 10 mg nucleoside > 5 mg base > 
1mg monophosphate > 0.7 mg diphosphate > 0.5 mg triphosphate per 100 nl 
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medium. AS much deoxyriboside as riboside would seem optimal. 


component mg/100ml Notes 





Purines 





ADE 5 Required by M. pneumoniae; 
5-12.5 mg/100ml in wheat, barley; 
high in Robinia 


ADO 10 Acholeplasmas and mycoplasmas utilize 
this purine; it achieves a level of 
3.6-4.5 mg/100ml in CC494, LD82, H-1 
spiroplasma media; 10-30 mg/100ml in 
wheat, barley; very low amounts in 
dicots 


| AMP 1 Although some mycoplasmas and 
ureaplasmas import AMP, it may 

pose some problems in transport; 
perhaps best used in low amounts as a 
primer 


ATP 0.5 Occurs in very high levels in most 
saps (3.5-130 mg/100 ml); 50-90 mg in 
cereals; 0.5 mg/100 ml would fulfill 
a primer role 





dADO 10 3.6-4.5 mg/100 ml in CC494 and H-1 
spiroplasma media 


dAMP 1) May be beneficial in a primer role 

HPX 5 Potential intermediate ADE ---> GUA 
INO 10 Potential intermediate ADE ---> GUA 
IMP al Potential intermediate ADE ---> GUA; 


0.2 mg/100 ml in H-1 spiroplasma 
media; 3 mg inosine in LD82 


XMP ad S. floricola has an enzyme to convert 
to GMP 
| GUA 5 Very hard to solubilize; 


minimal precursor in M. mycoides; 
mollicutes are low G + C; should 
therefore be lower than A or T 


GUO 10 Hard to solubilize; component 
of cc494, LD82, H-1 spiroplasma media 
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| GMP 1 


GTP Ono 
dGUO* 10 
dGMP 1 


pyrimidines 


URA 5 
URD 10 
dUMP * a 

| UDP 1 

| UTP 0.5 
CDE 5 

| CMP i 

| acme 1 

| cTp 0.5 

| THY 5 
THD 10 
TMP 1 


Some mycoplasmas and ureaplasmas 
import GMP 


Occurs in plant sap; 0.5 would serve 
a function 


Occurs in H-1 spiroplasma media 


Because spiroplasmas do not have UDE 
phosphorylase, they may need URA; 
minimal precursor for M. mycoides 


In CC494, H-1 spiroplasma media; 
occurs in cereals, but at very low 
concentration in dicots 


Some mycoplasmas and ureaplasmas 
import monophosphates; potential 
source .of .dR-L-P 


Precursor of QUDP, dTMP 


Occurs in plant saps: occurs at 2-4.5 
mg/100ml in CC494, LD82, H-1 
spiroplasma media; 0.5 mg/100ml as a 
primer; precursor of CTP 


2-4.5 mg/100ml in CC494, LD82, H-1 
media; occurs in cereals, but is 
very low in dicots 


Some mycoplasmas and ureaplasmas 
import monophosphates; potential 
source of dR-1-P 


Occurs in plant sap; could be used at 
0.5 mg/100 ml as a primer 


Minimal precursor for growth of 
Mycoplasma mycoides 


THD was supplied at levels of 
3-4.5 mg/100ml in CC494, LD82, H-1 
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| TTP O25 Mycoplasmas scavenge to synthesize 

| TTP; could be supplied at 0.5 
mg/100ml as a primer; mollicutes lack 
a thymidylate synthetase 


Sugar precursors 


| PRPP 10 Presumably an important component 
| (phosphoribosy1l because all mollicutes can utilize 
| pyrophosphate) it: (base + PRPP ---> NMP) 

| dRibose 50 Should be supplied at about 50 


mg/100m1; should be about 2x to 
concentration of bases, to drive 
reaction toward nucleosides; if too 
much ribose is supplied it would be 
toxic; although supplied at 4.5-9.0 
mg/100ml in CC494 and H-1 spiroplasma 
media it is not required by 
spiroplasmas 


dRibose-1-Phosphate 10 May be important because mollicutes 
scavenge it, suggesting a need; 
however there is little evidence 
regarding its transport 


Organic acids 
Overall, there are low amounts of organic acids in sap. Furthermore, the 
Krebs cycle appears to be absent from Mollicutes. However, some organic 


acids have been shown to assist spiroplasma growth. 


Component mg/100m1 Importance 





Acetate 10 Should be furnished at 10 mg/100ml as 
a possible lipid precursor 


| Acetoacetate 10 Could be used at 10 mg/100ml to bypass 
| acetate for lipid synthesis; can 
be very toxic to some microorganisms 


'@tric acid Present in most saps, abundant in 
apple sap (50 mg/100ml); important to 
xylem bacteria; chelates metals; may 
do more harm than good in medium 


Fumaric acid Sometimes present in sap, but rare in 
| apple sap; although it is a component 
in M1D, there is no evidence it would 
be needed 
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| Gluconic acid 


a-Ketoglutaric acid 25 


Malic acid 15 


Malonic acid 


Mevalonic acid 


| Oxalic acid 


l 





Oxaloacetic acid 1 


Pyruvic acid 25 


Quinic acid 


Rare in sap 


10 mg/100ml improves growth of 
Seokunke la 7 ftbhuteEenotiss city: 

present in many saps, but not apple 
may use up NADH ---> glutamate; 

NH3 + a-K-ga at pH 8 ---> glutamate in 
cell; this allows cell to retain H+ to 
prevent pH drop even in face of Kt 
influx 


Present in most saps; abundant in 
apple sap (25 mg/100ml); stored in 
vacuoles in high concentrations; is a 
component of M1D spiroplasma media; it 
has been shown that spiroplasmas 
possess malate dehydrogenase, so they 
may be able to use malic acid as an 
energy/NADH source 


Rare in sap 


Used by acholeplasmas as lipid 
precursor 


Occurs in some saps; some clostridia 
are anaerobic oxalate fermenters in 
rumens; these organisms require 1-2 mM 
acetate for carbon; oxalate* is 
antiported into some bacteria 
(anaerobically), with formate’ 
exported; this generates ATP via a 

H+ pump 


Link to amino acids in acholeplasmas 
and mycoplasmas, but not in 
spiroplasmas; rare in sap; since 
aspartate is usually abundant, this 
may not be needed as a precursor for 
amino acids; very unstable 


In some saps; some mutant mycoplasmas 
can use pyruvate (and not glucose); 
440 mg/100 ml inhibitory to 
spiroplasmas; may be used in Schiff 
reaction for IAA-metabolizing ruminal 
lactobacilli; a hydrogen peroxide 
scavenger 


In some saps 
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Shikimic acid 5 Acholeplasmas may use to make aromatic 
amino acids; 4 mg/100ml in apple sap; 
sink tissues use large amounts of 
shikimate (for aromatic amino acid 
synthesis), but they apparently 
import sugars to get the shikimate 
skeleton 


Trtaric acid In some saps 


Polyamines and ureides 


Polyamines may be used as N-sources, membrane stabilizers, or DNA 
stabilizers. They are also suspected of being second messengers, 
intimately associated with cytokinin and giberrellic acid function. These 
may be free, positively charged polyamines, or phenol conjugates, e.g., the 
cinnamoyls. The question of whether polyamines are translocated in plants 
is still unsettled, although they are clearly taken up by suspension 
cultures. Potential toxicity could be a problem with these components. 


Component mg/100m1 Notes 
Agmatine Precursor of putrescine 
Allantoic Acid | 2 Occurs at 30 mg/100ml in Acer, Platanus, 


Aesculus sap 


Allantoin 1 Same concentration as allantoic acid in 
sap 

Canavanine 5 Abundant in legume sap (30 mg/100ml) as 
N=source 

Citrulline 5 Abundant in many plant saps (30mg/100ml), 
e.g., cucurbits, even algae 

Ornithine 065 Precursor of putrescine 

Putrescine OG1 Moderate concentration in sap (1.5 


mg/100ml); precursor of spermine; 
can be formed from arginine via 
agmatine; 1.0 mg/100ml may be toxic; 
impedes DNA repair 


Spermine 055 Apparently occurs in all microbes; 
AY-MLO maintenance was promoted by 
1.0 mg/100m1 


Spermidine 0.3 Apparently occurs in all microbes; 
precursor of spermine; A. laidlawii 
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accumulates spermidine, not putrescine 
(Sjostrom and Kenny, 1990, Int. J. Syst. 
Bacteriol. 40:456-461) 


| SAdenylmethionine Precursor of spermidine 


| Redox regulators 


| Intuitively, redox is an important issue. Possible strategies 
include use of an anaerobic hood, Gaspak and/or reducing agents. A 3-gas, 
| small bottle fermentation system could also be used. 


| 1. Characteristics of clostridial ancestors: C. ramosum, C. tertium and 

C. innocuum are trehalose-fermenting, gut-inhabiting clostridia; C. ramosum 

is an obligate anaerobe; C. tertium is aerotolerant; C. ramosum (meso-DAP 

fumece!] wall, 26% G + C), C. innocuum (no DAP, 43-44% G+ C), C. tertium 

(no DAP, 24-28% G+ C). C. ramosum and C. innocuum have B-D-glucosidase 

(like acholeplasmas, but unlike mycoplasmas), and (unlike most other 

clostridia) ferment trehalose, galactose, cellobiose, sucrose (i.e., they 
are ideally suited to microhabitats within plants and/or insects). They 

| (like some other clostridia) also benefit by the presence of bile salts 

| (cholesterol derivatives that help solubilize lipids) in the medium (an 

| early phylogenetic association with cholesterol pathways?). Bile salts are 

| toxic to most microbes. 


| 2. Redox regulation was an important factor for growth of the CPB 
| spiroplasma. M. neurolyticum grows better in older media. Anaerobic 
| conditions seem to enhance growth of fastidious mollicutes in poor media. 


13. 293 mV across sap membrane (pH 8.0). For each 10-fold decrease in the 
| concentration of oxygen, there is a decrease of 15 mV in the oxygen 
potential. Methane bacteria need a redox of less than -330mV (= nos that 
| of oxygen in the atmosphere). Some anaerobes are not killed at high 
|potentials, but cannot grow until the medium is more reduced. 


14, It is impossible to maintain very low redox potentials simply by 

| removing oxygen; some reducing agents must be used (at minimal levels to 

| reduce toxicity and to simulate the concentrations in most environments). 

1 Final concentrations of 0.02-0.05% of reducing agent are noninhibitory. 
Hungate (1969) used 30 mg/100ml cysteine-HCl and 0.25 ml of H,S gas per ml 
of medium. Or, he used hydrogen, sodium thioglycollate, sodium sulfide, 
land dithionite. Reazurin (0.0001%) indicates redox >-0.042. Exposure to 

| oxygen during medium preparation must be avoided or an excessive amount of 
reducing agent must be added (which must be added just before medium use, 
and must be kept under oxygen-free conditions). C0, is heavy and is easier 
|}to use in ridding broth of oxygen (which is not very soluble in water); may 
need to bubble 30-60 min for heat labile media. Alternatively, growth of 
another organism can be used to reduce oxygen in medium. Some media, if 
prepared anaerobically, may be sufficiently reduced to start growth without 
adding reducing agents, particularly if inoculated heavily. Buffering 
Capacity must be increased to reduce acid fermentation products. 
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5. Care should be taken in using CO, to reduce oxygen, because CO, can 
affect glucose and amino acid uptake by effects on membranes (perhaps by 
increasing membrane fluidity due to alteration of fatty acids). co, is 
highly reactive with amines. 


6. Ruminal lactobacilli that are pneumotoxic produce 3-methylindole from 
IAA anaerobically. This is also done by clostridia. 


7. Oxygen is a definite requirement for at least some mycoplasmas, 
presumably to reoxidize NADH. 


8. Reducing environment inside host cells causes breakage of disulfide 
bonds in Chlamydia spp., opening pores to allow nutrient exchange. 


9, Whereas air is high in oxygen and low in carbon dioxide, air is scarce 
in water (carbon dioxide is about the same). 


Component mg/100 ml Notes 


| Ascorbic acid ir 10 mg/100ml in plant sap; 
| 30 mg/l in H-1 spiroplasma media 


Cysteine-HCl Hungate (1969) used 0.03% (w/v); 
not found in plant sap 


| Glutathione 20 25 mg/l in H-1 spiroplasma media; 

18-31 mg/100ml in fruit phloem exudate; 

31-107 mg/100ml in leaf tissue (animals have 
15-310 mg/100ml); these may be low estimates due 
to water dilution; needed for K+ entry into 
cell; prevents oxidation of ascorbic acid; may 
only function in plants at neutral or acid pH, 
oxidized at alkaline pH (but phloem has 
glutathione reductase); functions in amino acid 
transport; needed in high concentration to total 
K+ influx, for osmoregulation; activator of 
enzymes 


| Mineral oil If this is to be used, a 10-20% overlay is 
recommended (with N, or GasPak spurge) 


Serum, fetal bovine Contains many antioxidants (tocopherol, 

(see undefined) ascorbic acid, glutathione, 
ceruloplasmin, transferrin, catalase, 
superoxide dismutase, glutathione 
peroxidase) ; peroxidases in horse serum 
influence batch quality Sodium thioglycollate 
all concentrations, from 0.01 up; 100 mg/100ml 
hurt AY-MLO; at 50 mg/100 survival was best 
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sugars and osmoregulators 


component 


mg/100 ml Notes 





Choline 5 
Erythrose 50 


Fructose 100 


Glucose 100 


Glutathione (see redox) 


Glycerol 10 


m-Inositol 5 


Mannitol 


Raffinose 


Sorbitol 


| Sucrose 3,000 


Needed for glycine-betaine formation for 
osmoregulation; phospholipid precursor 


As a primer, may be required; 
25 mg in apple sap; 
1-4% in LD82 and H-1 spiroplasma media 


1-5 mg in apple sap; 

1-8% in CC494, LD82, H-1 spiroplasma 
media; 900 mg/100ml ideal for 
spiroplasmas; 3% used for ruminal 
lactobacilli 


An osmoregulator 


0.24 ml/l in LD82 spiroplasma medium; 

M. mycoides may require in lieu of other 
sugars; can also be an osmoregulator; may be 
used as phospholipid precursor 


10 mg/100ml in plant sap in autumn; 
20 mg/100ml in apple sap, also in 
Asteraceae; apparently, cannot be 
synthesized, but is useful as a 
phosphorylated derivative 


Abundant in trees, but not in AY-MLO 
hosts 


Aster has <1% 


Abundant in trees, but not in AY-MLO 
hosts 


Although decline and witches' broom 
agents appear to occur only in hosts 

with 15-25% sucrose, aster yellows 

agents are in asters (1%), Datura 

(1%), and Solanum (6% sucrose); occurs at 
levels of 2-3.5% in LD82, H-1 spiroplasma 
media 


An alternative approach is suggested by the work of Maloney 
et al. (1990), who show importance of anionic sugar (e.g., 
glucose-6-phosphate) transport by starved Staphylococcus, 


a> 
































ae. 
_ axodelepes 
ve 6 Fsyits 
eatou | {fm O0L\pa 


. Ge = 





oiteted-entoyio tol Sebsek cq se 
ma Diqilorigqeorq ;notealupetomep ~~ 





se + La > ee, 
SG... ,@@b29 aL #a- 
Shi LmDd0L\pa O0OC@ .aibem 


‘goa eigas nt pa é-1 ool 
? >| t 


é — 
Bit Iwi Dee Ft {ese slaourga 
; : . 


waasigotige S8GI ni I\im b&.0 
> to weil ai Siivpet yam B2ebiLoova .M 
sa ys {toss ALF 8S0 m20 16 Sd Ofls HSS {(Setspie 


: 
roamwoetq bigqilodgecdg es bea 


wr 


3 


(aris: ni q6ée gneiq ni [m00L\pm Of é 
if coals ,qsée slags al [m00lf\pma os an 
sa Jonmseo yisneisqgs ,seoceteJs24 7 

& 25 Iutesu ai sud ,besizedinys 
evijsvireh batsly1edqeodg 


IM-YA oi Jon Jud ,asext ot tasbaudA - 
eJzou 


#{> esc xzS0SA 


OIM-YA nt ton wud ,ssext al joasbavda 1 
ateod ; 


moord ‘esriotiw brea enliosb MpgonsiA 
steoi at yino 1wese e¢ ussqqs edneps 
awolfoy sages ,esompum £25-21 de 

sivgsG .(#f) aezezae al es 
$6 e102. 4 (eea0TOUe #3) anon hen eee 
sm@esigqoiige I-H ,£8ad ni pasts a alhe 


“yenolsM to #3 
»+O-9) XD ve in 
vauosoD0d ric z 


ty On ad 








Streptococcus; the organic anion replaces accumulated Pi in the 
microbial cell. This step could be useful or necessary as a 
primer. Glu6P and Gly3P are particularly important, but 

other sugars may also participate (e.g., 2dG6P, Fruc6P, G1uNH,P, 
|Ribose5P, MeG6P, FruclP, GaléP, PEP). 


* Also, see amino acids, lipids, and organic acids. 


Undefined components 


The number of undefined components suggested is legion. Some of 
those to be considered seriously are: 


Peptones 


|May have a high undesirable fat content; plant-based peptones such as 
|phytone may be most suitable. 


| Some peptones have almost no Na+ (e.g., proteose peptone); others have high 
| Kt/Nat+ ratio (e.g., proteose peptone, neopeptone). A concentration of 3% 
| proteose peptone was used for ruminal lactobacilli. 


|Most contain significant amounts of Cl-, some Fet++, ppm toxic inorganics, 
| vitamins. 


| Acholeplasma parvum required phytone (high K+, high in some vitamins) or 
| soybean extract. 


| Components used for Xylem-limited Bacteria 


Components have included: hemoglobin (10mg), hemin chloride (10-40mg), or 
FePPi (0.25g), isovitalex (10g), charcoal (2g), soluble starch (2g), 
Mueller-Hinton agar (38g), cornmeal agar (17g), soytone (2-8g), PPLO broth 
base (10g), casitone (4-7g), yeast extract (10g), phytone (4g), and 
trypticase (1g). 


Yeast Products 


| Yeastolate and/or fresh yeast extract are important for 

§. kunkelii and S. citri. The (i) manufacturer and (ii) batch of fresh 
yeast extract are extremely important. Truly fresh extract, prepared in 
the laboratory, may be much better than commercial preparations (McGarrity, 
}1990). Either product can be inhibitory at higher concentrations. 


ilow MW (<2000) fractions derived from these undefined products appear to be 
|most important, i.e., NAPs, vitamins, amino acids. 
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| component mg/100 ml 


Notes 





| Phytone 500 


| Serum 


| Yeast Products 


Vitamins 


Component mg/100 ml 


Biotin 0.05 


Pajic Acid ‘eye anl 


Nicotinic Acid 0.05 


Pantothenic Acid 


| PABA 


| Pyridoxal-5-Po, 0.05 


| Pyridoxine HCl 0.05 


Riboflavin 0.05 


Required by A. parvum 


Classical component of mycoplasma 

and spiroplasma media; 

one major function, that of sterol 

and lipid supply and transport must be 
solved in some fashion 


Yeastolate may be less inhibitory 

than FYE; concentrations determined for 
spiroplasmas may be of some help, but 
MLOs may be much more sensitive to 
inhibitors 


Notes 


C. butyricum is the only clostridium 
requiring; required by pyruvate 
dehydrogenase, which is abundant in 
acholeplasmas 


Stimulatory to gut clostridia 


Fair amount in plant sap, but very 

low in corn; 0.05 mg/100ml in Murashige 
and Skoog plant cell formulations; 

one of 2 vitamins required by 
spiroplasmas; optimal is 4.87 nM 

(= 6x 10* mg/100 ml) for spiroplasmas 


Present in sap as coenzyme A 


0.01 mg/100 ml in Murashige and 
Skoog plant cell medium 


Necessary for transaminases 


Occurs in plant sap; 
0.05 mg/100ml in Murashige and 
Skoog plant cell media 


One of 2 vitamins required by 
spiroplasmas; optimal is 3.83 nM 
(= 1.4 x 10% mg/100m1) for 
spiroplasmas; stimulatory to gut 
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clostridia; sensitive to Fe++, H,0,; 
oxidizes substances in light 


Thiamine HCl 0.04 Occurs in plant sap; 
0.04 mg/100ml1 in Murashige and 
Skoog plant cell media 


Vitamin B12 0.01 Many clostridia utilize 


PHYSICAL FACTORS 
Cultivation Systems for Oxygen-sensitive Organisms 
The principal systems considered were (i) use of an anaerobic hood under 
NjH, atmosphere, 0% 0,; (ii) microaerophilic conditions; (iii) use of deep 
broth or deep agar; and (iv) GasPak and/or 10-20% overlay of mineral oil. 
Medium pH 
‘The pH optima need to be determined empirically. Although pH values of 
6.0 to 8.0 have been classically chosen, plant cell cultures are maintained 


am pH 5.6. 


Some pH Values Relevant to MLO Culture 


Plant Animal 
) Sap Other Tissues Cytoplasm 
pH 722-8 .5 Siioqntiveacia 7-8 
pH MLO MLO A. laidlawii 
0-6.25 24 h® 
Gmo-7.5 Best 48 h <7.2-7.4 growth ceases 
7a 5 Poor 
7975-8.0 4h 
8.5 Best 


* Data are hours of MLO survival at a pH 
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Sap pH Host MLO Disease 





WtBr Decline AY Phyl 
6.8-7.4 Cucurbita pepo JAY 
@-7.5 Fraxinus spp. + + 
mo (most) -8.7 Robinia spp. + 
5-8 .0 Malus spp. AP 
8.0 Beta vulgaris + 
ge0-8.1 Cucurbita maxima EAY EuCP 


Conclusions are difficult to make. 


MLOS may have different pH optima, but it is difficult to imagine that they 
are profoundly different from spiroplasmas, or that they are extremely 
exacting, given’ their residence in phloem, insect gut, hemolymph, and 
saliva. A neutral to slightly basic pH appears to be adequate. 


|}Solid Phase Support 


|}Selection of a solid-phase support, such as agar or a filter membrane may 
be important. Since a single bacterium has a mass of 1.5 pg, there is a 

}total mass of 15 mg in one colony or 10’ CFU/ml. This mass of bacteria is 
diluted almost 70 times in broth. In semisolid medium, drainage is slow, 
bacteria are surrounded by metabolites in high concentration. 


Agar quality is important. Noble agar, for most other mollicutes, has been 
employed at 0.8 to 2.4%. 


Temperature 
| Temperature optima vary among mollicutes, depending on their habitats. 


| Historically, AY organisms have been shown to be heat sensitive, but 28°C 
| appears to be a suitable temperature. 


155 




























pnsseiG OM 2908 
ivdd YA enifosd  wHaIwW “ira! 
VAT ogey stidtwoud 
+ i -qq2 eUr XBT 
+ -oqe at 
SA -qqa 
+ aluspiuy 
m YAR sm ixen sido 


otnm oF JIL 


"er 

oI seit suipemt oF tivoliIiib at 31 stud ,semidqge Ha geese 
ylone1txs orm yed? tJadt xo .2emesigoxign mort Jae teIEp 
bis ,figayloged .Jup soeani »me0 Cig ni sonebizgey thes “a 
-o3supsbs ed oJ eiseqqs Hq oclasd yitdpils oF fae 


Yom onetdsem xe3{it 6 7O taps @6 dove ;Jxogqgus e2atq-bt & pte s 
S @2i eteds .,.pg ¢.1 to ease 6s aad muineatosd sipate 6 ¥e 
ei slietosd to aesm aid? .fm\0q ‘of so ynofos sao ME om 
WOole ai epanissb ,aulibem biiogigasse al .djoad at Sony ‘ot 

oLtsxtnsonoo fipid ni antilodstem yd & 


es fh 
teed esi ,2aetvotilom 1tedto taom to? ,18p8 eldov. .2ns mo 
~#a,.S oF 8 


.petsti ats tied? no pribteqeh .astuoilioa poms Y- 
o°8s stud [tjienes teed ed of nwore nosd evad ames 
-stutsxzeqnues oid 











